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1.1. General Introduction
0RVWDERXWWREHSDUHQWVZRUU\DERXWEHFRPLQJDJRRGPRPDQGGDG:LOO,WHDFK
P\FKLOGWREHQLFHZHOOEHKDYHGDQGVRFLDO":LOOKHVKHGRZHOOLQVFKRRODQGOHDGD
GHFHQWOLIH"3DUHQWVZRUU\PXFKOHVVDERXWKRZWKLVZLOOFRPHDERXW,QPRVWFDVHV
children learn very quickly from their environment by trying out things and looking 
DWWKHFRQVHTXHQFHV)RUH[DPSOHFKLOGUHQDV\RXQJDVDIHZPRQWKVUHVSRQGWR
IDFLDOH[SUHVVLRQVRIWKHLUSDUHQWV*URVVPDQQ7KLVDELOLW\VHHPVWREHSDUWO\
LQQDWHDQGSDUWO\VKDSHGE\HQYLURQPHQWDOIDFWRUVVXFKDVREVHUYDWLRQDOOHDUQLQJ
+HUED	3KLOOLSV7KH\VRRQNQRZWKDWVPLOLQJPHDQVȆFRPHFORVHUȇRUȆNHHS
GRLQJWKDWLWPDNHVXVKDSS\ȇDQGWKDWDQDQJU\IDFHPHDQVȆGRQȇW\RXGDUHȇRUȆGR
QRWHYHUGR WKDWDJDLQȇ )DFLDO H[SUHVVLRQV WKXVDUH YHU\HDUO\EDVLF UHLQIRUFHUV
LQRXUHQYLURQPHQW %ODLU%XWEHKDYLRU LVDOVR OHDUQHG IURPRWKHU IRUPV
RIIHHGEDFNDQGFRQVHTXHQFHVVXFKDVJHWWLQJWLPHRXWIRUQRWOLVWHQLQJJHWWLQJ
WKHLUIDYRULWH LFHFUHDPZKHQWKH\EHKDYHZHOODVPLOH\RQJRRGKRPHZRUNRU
EHLQJ OLNHGE\RWKHUV7KURXJKWKHVHDQGRWKHU IRUPVRI OHDUQLQJPRVWFKLOGUHQ
OHDUQPDWK VSHOOLQJ DQG UXOHV RI SRSXODU JDPHV (TXDOO\ RUPD\EH HYHQPRUH
LPSRUWDQWO\ WKH\ OHDUQ WREHVRFLDOHPSDWKLFDQGFRQVLGHUHG7KH\XQGHUVWDQG
DQGIROORZUXOHVRIVRFLHW\VXFKDVȆ:HWU\QRWWRKXUWRWKHUVDQGLIZHGRLWWKLVZLOO
PDNHXVIHHOEDGDQGJXLOW\ȇ0RVWSHRSOHOLYHDFFRUGLQJWRWKHUXOHVDQGQRUPVLQ
RXUVRFLHW\DQGEHKDYHLQDVRFLDOO\DFFHSWHGZD\DOWKRXJKPDQ\RIXVPD\KDYH
EURNHQVRPHUXOHDWVRPHSRLQW:KLOHOHDUQLQJVRFLDOEHKDYLRULVDFRPPRQVWHS
LQGHYHORSPHQWVRPHSHRSOHVHHPWREHXQDEOHȂIRUYDULRXVUHDVRQVWKDWZLOOEH
GLVFXVVHGODWHUȂWRPDNHWKLVVWHS
7KHUH LVD VPDOO JURXSRISHRSOHZKRGRSUHVHQWZLWK VHYHUHDQGSHUVLVWHQW
DQWLVRFLDO EHKDYLRU 7KHVH SHRSOH DUH FRPPRQO\ GLDJQRVHG ZLWK DQWLVRFLDO
personality disorder1GHVFULEHGDVDSHUYDVLYHSDWWHUQRIGLVUHJDUGIRUDQGYLRODWLRQ
RIWKHULJKWVRIRWKHUV%ODLU0LWFKHOO	%ODLU6RPHRIWKHVHSHRSOHVKRZ
DGGLWLRQDOHPRWLRQDOGHȴFLWVUHȵHFWHGLQFDOORXVQHVVODFNRIHPSDWK\FXQQLQJDQG
 Ȇ)DLOXUH WR FRQIRUP WR VRFLDO QRUPV ZLWK UHVSHFW WR ODZIXO EHKDYLRUV DV LQGLFDWHG E\
UHSHDWHGO\SHUIRUPLQJDFWVWKDWDUHJURXQGVIRUDUUHVWGHFHSWLRQDVLQGLFDWHGE\UHSHDWHGO\
O\LQJXVHRIDOLDVHVRUFRQQLQJRWKHUVIRUSHUVRQDOSURȴWRUSOHDVXUHLPSXOVLYHQHVVRU
IDLOXUH WRSODQDKHDG LUULWDELOLW\DQGDJJUHVVLYHQHVV DV LQGLFDWHGE\ UHSHDWHGSK\VLFDO
ȴJKWVRUDVVDXOWVUHFNOHVVGLVUHJDUGIRUVDIHW\RIVHOIRURWKHUVFRQVLVWHQWLUUHVSRQVLELOLW\
DV LQGLFDWHGE\UHSHDWHG IDLOXUH WRVXVWDLQFRQVLVWHQWZRUNEHKDYLRURUKRQRUȴQDQFLDO
REOLJDWLRQVȇ$3$'60,975
PDQLSXODWLYHEHKDYLRUDQGODFNRIUHPRUVHRUJXLOW0DQ\RIWKHVHSHRSOHUXQLQWR
VHYHUHSUREOHPVPDQLIHVWDQWLVRFLDO DQGGHOLQTXHQWDFWVDQGEHKDYLRU FRPPLW
FULPHVEHFRPHFRQYLFWHGDQGHQGXSLQWKHIRUHQVLFV\VWHP+RZHYHUVRPHRI
WKHPFDQOLYHVHHPLQJO\VRFLDOOLIHVW\OHVDOWKRXJKWKH\PLJKWOLYHDGLIIHUHQWVRFLDO
OLIHWKDQWKHDYHUDJHSHUVRQ7KHȴUVWQDPHVWKDWSUREDEO\SRSXSLQ\RXUKHDG
ZKHQUHDGLQJWKHVHGHVFULSWLRQVDUHȴFWLWLRXVFKDUDFWHUVZHNQRZIURPERRNVDQG
PRYLHVVXFKDV+DQQLEDO/HFWHUȆWKHSV\FKRSDWKȇLQȆ6LOHQFHRIWKHODPEVȇRUPD\EH
Ȇ3DWULFN %DWHPDQȇZKR LV WKH EUXWDOPXUGHUHU DQG UDSLVWZLWK H[WUHPHO\ YLROHQW
IDQWDVLHVLQȆ$PHULFDQSV\FKRȇRUȆ$QWRQ&KLJXUKȇIURPȆQRFRXQWU\IRUROGPHQȇZKR
LVDUXWKOHVVKLWPDQZKRRFFDVLRQDOO\GHFLGHVWRVSDUHDYLFWLPVOLIHE\ȵLSSLQJD
FRLQ$OWKRXJKWKHVHDUHYHU\H[WUHPHSRUWUDLWVWKH\DUHLQVRPHUHVSHFWVVLPLODU
WRWKHLQGLYLGXDOVZLWKSV\FKRSDWK\\RXZLOOUHDGDERXWLQWKLVWKHVLV7KH\DOOVHHP
to show some rather odd behavior and seem very antisocial and cold-blooded to us 
(not only because some of them have killed someone which is probably one of the 
ELJJHVWVRFLDOUXOHVRQHFDQEUHDN:KHUHGRHVLWJRZURQJ"+RZFDQZHH[SODLQ
WKDWWKH\VKRZWKLVSHUYDVLYHSDWWHUQRIQRQDGDSWHGDQWLVRFLDOEHKDYLRU"$QGZK\
LVLWVRKDUGWRFKDQJHWKLVEHKDYLRU"
1HXURFRJQLWLYHH[SODQDWLRQVRISV\FKRSDWK\SUHGLFWWKDWWKH\DUHOHVVDEOHWR
adapt behavior based on the consequences of their acts (for a review on models 
DQG WKHRULHV VHH %ODLU HW DO  3DWULFN  2YHU WKH ODVW \HDUV VFLHQWLȴF
HYLGHQFH KDV HPHUJHG VXSSRUWLQJ WKHVH LGHDV +RZHYHU LW LV QRW HQWLUHO\ FOHDU
which forms of learning are impaired under which circumstances and what kind of 
QHXURFRJQLWLYHSURFHVVHVPLJKWXQGHUOLHWKHVHGHȴFLWV
,QWKLVWKHVLV,ZLOODGGUHVVWKHVHTXHVWLRQVE\UHSRUWLQJDVHULHVRIH[SHULPHQWV
investigating neurocognitive mechanisms related to reinforcement learning in 
SHRSOHZLWKSV\FKRSDWK\
3DJH_3DJH_ 3V\FKRSDWK\3V\FKRSDWK\
1.2. Psychopathy
'LDJQRVLVDQG&ODVVLȴFDWLRQ
Contemporary descriptions of psychopathy are based on work by Cleckley 
 LQZKLFKKHGHVFULEHG  FULWHULD 7KHVH LQFOXGHG VXSHUȴFLDO FKDUP ODFN
RIDQ[LHW\DQGJXLOWSDWKRORJLFDO O\LQJIDLOXUHWR OHDUQIURPSXQLVKPHQW ODFNRI
insight into consequences of own behavior on other people and failure to plan 
DKHDG3V\FKRSDWK\LVGHVFULEHGDVDSHUVLVWHQWSHUVRQDOLW\GLVRUGHUFKDUDFWHUL]HG
E\DVRFLDOO\GHYLDQWOLIHVW\OHRQWKHRQHKDQGLQFOXGLQJSRRUEHKDYLRUDOFRQWURO
LPSXOVLYHDQGDQWLVRFLDOEHKDYLRUDQGDQDJJUHVVLYHQDUFLVVLVPRQWKHRWKHUKDQG
LQFOXGLQJPDQLSXODWLYH VXSHUȴFLDO LQWHUSHUVRQDO VW\OH ODFN RI UHPRUVH DQG JXLOW
DQGVKDOORZDIIHFW+DUH
7RGD\WKHUHLVVWLOOVRPHGHEDWHRQKRZWRGLDJQRVHWKHGLVRUGHU0RVWSV\FKLDWULF
GLVRUGHUV DUH GHVFULEHG LQ WKH '60,975 $PHULFDQ 3V\FKLDWULF $VVRFLDWLRQ
 DQG WKH QHZHU YHUVLRQ '60 $PHULFDQ 3V\FKLDWULF $VVRFLDWLRQ 
ZKLFKDUHXVHGDVDFRPPRQV\VWHPWRFODVVLI\SV\FKLDWULFV\QGURPHV+RZHYHU
SV\FKRSDWK\ LV QRW SDUW RI WKH'60 V\VWHP ,Q WHUPVRI WKH'60 SV\FKRSDWK\
is closest to the syndrome of antisocial personality disorder with which it shows 
FRQVLGHUDEOH RYHUODS 0RVW SHRSOH ZLWK SV\FKRSDWK\ DUH DOVR GLDJQRVHG ZLWK
DQWLVRFLDOSHUVRQDOLW\GLVRUGHUEXWQRWQHFHVVDULO\YLFHYHUVD ,QSULVRQVDPSOHV
DERXWSUHVHQWHGZLWKDQWLVRFLDOSHUVRQDOLW\GLVRUGHUEXWRQO\ZLWK
SV\FKRSDWK\+DUH7KHQKRZGRZHODEHORUGLDJQRVHVRPHRQHDVD
SHUVRQZLWKSV\FKRSDWK\"
&OLQLFDOO\WKHPRVWSURPLQHQWLQVWUXPHQWLVWKH3V\FKRSDWK\&KHFNOLVW5HYLVHG
3&/5+DUH,WFRQVLVWVRILWHPVUDWHGIURPQRWSUHVHQWIXOOEORZQ
)LUVW LQYHVWLJDWLRQ UHYHDOHG D WZRIDFWRU VWUXFWXUH +DUH HW DO :KLOH WKH
ȴUVWIDFWRUFRQVLVWVRIWKHLQWHUSHUVRQDODQGDIIHFWLYHWUDLWVWKHVHFRQGGHVFULEHV
impulsive antisocial behavior (Table 1.1. 5HFHQWO\ D IRXUIDFWRU PRGHO ZDV
VXJJHVWHG9LWDFFR1HXPDQQ	-DFNVRQ9LWDFFR5RJHUV1HXPDQQ+DUULVRQ
	9LQFHQW%RWKRULJLQDOIDFWRUVZHUHUHȴQHGWRIRUPDQLQWHUSHUVRQDOIDFWRU
IDFWRUDQDIIHFWLYHIDFWRUIDFWRUDOLIHVW\OHIDFWRUDQGDQDQWLVRFLDOIDFWRU
IDFWRU7KH3&/5 LVVFRUHGSUHIHUDEO\E\ WZRWUDLQHGSURIHVVLRQDOVEDVHGRQ
H[WHQVLYHȴOH LQIRUPDWLRQDQGVHPLVWUXFWXUHG LQWHUYLHZV7KHUHVXOWLQJVFRUHRI
 Ȃ  LQGLFDWHV WKHGHJUHHRI SV\FKRSDWKLFSHUVRQDOLW\ DQGEHKDYLRU ,Q1RUWK
$PHULFDD FXWRII VFRUHVRI  LVKDQGOHGDVD FULWHULRQRISV\FKRSDWK\'XH WR
FXOWXUDOGLIIHUHQFHV LQ WKHH[SUHVVLRQRISV\FKRSDWKLF WUDLWV(XURSHDQFRXQWULHV
XVXDOO\KDQGOHD FXWRIIRI  &RRNH	0LFKLH 5DVPXVVHQ 6WRUVDHWHU	
/HYDQGHU
Table 1.1. 3&/5LWHPVIRUIDFWRUDQG
Factor 1. 
Interpersonal and 
affective traits 
‘aggressive narcissism’
Factor 2. 
History of impulsive 
antisocial behavior 
‘socially deviant lifestyle’
Traits not related to 
either factor
3DWKRORJLFDOO\LQJ
*OLEQHVVDQGVXSHUȴFLDO
charm
Grandiose sense of self-
worth
Cunning/ manipulative
Lack of remorse or guilt
Shallow affect
Callous/ lack of empathy
)DLOXUHWRDFFHSW
responsibility for own 
actions
3URPLVFXRXVVH[XDO
behavior
(DUO\EHKDYLRUSUREOHPV
/DFNRIUHDOLVWLFORQJWHUP
goals
Revocation of conditional 
release
3DUDVLWLFOLIHVW\OH
3RRUEHKDYLRUDOFRQWURO
Impulsivity
Irresponsibility
Need for behavioral 
stimulation/ proneness to 
boredom
-XYHQLOHGHOLQTXHQF\
Criminal versality
0DQ\VKRUWWHUPPDULWDO
relationships
%HVLGHV WKH 3&/5 WKHUH DUH VHYHUDO VHOIUHSRUW LQVWUXPHQWV WR PHDVXUH
SV\FKRSDWKLFWUDLWV+RZHYHUWKHVHDUHXVXDOO\QRWXVHGLQFOLQLFDORUOHJDOSUDFWLFH
7KHRSHUDWLRQDOL]DWLRQRISV\FKRSDWK\FOHDUO\GLIIHUVEHWZHHQYDULRXVLQVWUXPHQWV
OHDGLQJWRDIUXLWIXOGHEDWHRIZKDWSV\FKRSDWK\UHDOO\LV6RPHFULWLFL]HWKDWWKH
3&/5 LV WRRGRPLQDWLQJ OHDGLQJ WRPLVSHUFHSWLRQV VXFKDV WKH3&/5EHLQJ WKH
JROGVWDQGDUGRUDVVXPLQJWKDWFULPLQDOEHKDYLRULVDFRUHIHDWXUHRISV\FKRSDWK\
In the class of self-report questionnaires measuring psychopathy a prominent 
LQVWUXPHQWLVWKHSV\FKRSDWKLFSHUVRQDOLW\LQYHQWRU\/LOLHQIHOG	$QGUHZV
DQGLWVUHYLVHGIRUP33,5/LOLHQIHOG	:LGRZV'LIIHUHQWIURPWKH3&/5LW
was designed for non-criminal and criminal populations and relies much less on 
3DJH_3DJH_ 3V\FKRSDWK\3V\FKRSDWK\
WKHSUHVHQFHRIDFULPLQDOKLVWRU\7KHWZRIDFWRUVIRUPHGE\WKHLWHPVDUHWKRXJKW
WR EH VLPLODU WR WKH3&/5 IDFWRUV %HQQLQJ 3DWULFN+LFNV %ORQLJHQ	.UXHJHU
 +DUH  7KH ȴUVW 33, IDFWRU ȆIHDUOHVV GRPLQDQFHȇ UHȵHFWV DIIHFWLYH
SHUVRQDOLW\ WUDLWV WKH VHFRQG IDFWRU UHȵHFWV ȆLPSXOVLYH DQWLVRFLDOLW\ȇ $QRWKHU
PRUHUHFHQWLQVWUXPHQWYLHZVSV\FKRSDWK\DVDWULDUFKLFFRQFHSW3DWULFN)RZOHV
	.UXHJHU FRQVLVWLQJRIEROGQHVV VRFLDOGRPLQDQFHHPRWLRQDO UHVLOLHQFH
DQG YHQWXUHVRPHQHVV PHDQQHVV DJJUHVVLYH UHVRXUFH VHHNLQJ ZLWKRXW UHJDUG
IRU RWKHUV DQG GLVLQKLELWLRQ JHQHUDO SUREOHPVZLWK LPSXOVH FRQWURO $OVRZHOO
NQRZQ LV WKH6HOIUHSRUW3V\FKRSDWK\VFDOH 653RIZKLFKVHYHUDOYHUVLRQVKDYH
EHHQGHYHORSHG7KHQHZHVW LV WKH653,,, 3DXOKXV+HPSKLOO	+DUH LQSUHVV
ZKLFKFRQVLVWVRIDVLPLODUIRXUIDFWRUVWUXFWXUHDVWKH3&/5QDPHGLQWHUSHUVRQDO
PDQLSXODWLRQFDOORXVDIIHFWHUUDWLFOLIHVW\OHDQGFULPLQDOWHQGHQFLHV
Self report information about psychopathy is cheap and can be obtained 
HDVLO\EXWFRXOGDOVREHELDVHGLHDIIHFWHGE\SV\FKRSDWKLFFKDUDFWHULVWLFVVXFK
DVGLVKRQHVW\EHLQJGHFHSWLYHDQGKDYLQJD ODFNRI LQVLJKW6HOIUHSRUWGRHVQRW
GHSHQG RQ FOLQLFDO MXGJPHQW QHLWKHU RQ H[WHQVLYH LQWHUYLHZV SDWLHQW ȴOHV DQG
GRFXPHQWDWLRQ RI D FULPLQDO UHFRUG ,W LV WKHUHIRUH XQFOHDU ZKHWKHU WKH 3&/5
DQGWKHH[LVWLQJVHOIUHSRUWLQVWUXPHQWPHDVXUHWKHVDPHFRQVWUXFW)RUH[DPSOH
FRUUHODWLRQVEHWZHHQ3&/5DQG33,DUHPRGHUDWHIRUWRWDOVFRUHVEXWLQFRQVLVWHQW
ZLWK UHJDUG WR KRZ VSHFLȴF IDFWRU VFRUHV FRUUHVSRQG 0DUFXV )XOWRQ	 (GHQV

Prevalence
Now we know what psychopathy is and how it can be assessed one might wonder 
ZK\ZHVKRXOGSD\VRPXFKDWWHQWLRQWRWKLVGLVRUGHU,QGLYLGXDOVZLWKSV\FKRSDWK\
IRUP D VHULRXV SUREOHP IRU RXU VRFLHW\ 3HUVRQV ZLWK SV\FKRSDWK\ FRPPLW D
ODUJHSURSRUWLRQRI FULPHVDQG WKH WUHDWPHQWRISV\FKRSDWK\ LV ORQJDQGRIWHQ
XQVXFFHVVIXO DQGHYHQ IROORZLQJ WUHDWPHQW UHFLGLYLVP UDWHVDUHKLJK +HPSKLOO
 /HLVWLFR 6DOHNLQ'H&RVWHU	5RJHUV :DOWHUV 2Q WRSRI WKLV
SUHYDOHQFH UDWHV DUH RIWHQ XQGHUHVWLPDWHG $PRQJ LQFDUFHUDWHG SRSXODWLRQV
SUHYDOHQFH UDWHVDUH +DUHGHSHQGLQJRQGLIIHUHQFHV
LQVDPSOHFKDUDFWHULVWLFVDQGRQWKHLQVWUXPHQWXVHGWRGHWHFWLW/RZHULQFLGHQFH
UDWHVRIZHUHUHSRUWHGLQZRPDQ/RXFNV1HDU\9LWDOH6PLWK
%ULQNOH\	1HZPDQ:DUUHQHWDO7KHORZHUSUHYDOHQFHLQZRPHQ
is ascribed to the fact that measures of psychopathy have largely been based on 
insights from male populations while antisocial behavioral traits present in women 
LQDGLIIHUHQWZD\WKDQLQPHQ,QGHHGDWOHDVWRQIDFWRUIHPDOHVVKRZGLIIHUHQW
EHKDYLRUUHȵHFWHGLQPRUHO\LQJGHFHLWIXOQHVVDQGODFNRIFRQWUROZKLOHPDOHVVKRZ
higher levels of antisocial behavior (mostly on the item of juvenile delinquency and 
UHYRFDWLRQRIFRQGLWLRQDOUHOHDVH6WUDQG	%HOIUDJH
Treatment
7KHUHLVDQRQJRLQJGHEDWHDERXWZKHWKHUSHRSOHZLWKSV\FKRSDWK\FDQOHDUQWR
FKDQJH WKHLUEHKDYLRU 6RPH UHFHQW UHSRUWVKDYHGHPRQVWUDWHG WKDW LQGLYLGXDOV
with psychopathy do not react to treatment; others have even proposed that 
WUHDWPHQWFDQPDNHLQGLYLGXDOVZLWKSV\FKRSDWK\ZRUVH%DUEDUHH+DUW	
+DUH5LFH+DUULV	&RUPLHU6HWR	%DUEDUHH )RUH[DPSOH
6HWR	%DUDUHHVKRZHGWKDWWUHDWPHQWFRXOGOHDGWRVXSHUȴFLDOWHPSRUDU\
EHKDYLRUDODGDSWDWLRQ7KHJURXSZLWKEHWWHUWUHDWPHQWEHKDYLRULQFRPELQDWLRQ
ZLWK KLJK 3&/5 VFRUHV ZDV PRVW OLNHO\ WR UHRIIHQG $ UHYLHZ E\ 6NHHP HW DO
ZDVPRUHRSWLPLVWLFDQGVXJJHVWHGWKDWWUHDWPHQWKDVWREHLQWHQVLYHDQG
OHQJWK\ LQRUGHU WRVKRZHIIHFWV ,Q WKH1HWKHUODQGVDVXEVWDQWLDOSURSRUWLRQRI
IRUHQVLF SV\FKLDWULF SDWLHQWV SUHVHQWZLWKSV\FKRSDWK\ +LOGHEUDQG	GH5XLWHU
 +LOGHEUDQG GH 5XLWHU 	 1LMPDQ  3V\FKRSDWKLF LQGLYLGXDOV LQ WKH
1HWKHUODQGV SUHVHQW ZLWK ORZ WUHDWPHQW LQYROYHPHQW IHZ FKDQJHV LQ G\QDPLF
ULVNIDFWRUVDQGKLJKUDWHVRILQVWLWXWLRQDOPLVEHKDYLRUDQGWKLVLVDVVRFLDWHGZLWK
KLJK ULVNRI UHRIIHQGLQJ +LOGHEUDQGHW DO +LOGHEUDQG+HVSHU 6SUHHQ	
1LMPDQ  6FK¸QEHUJHU  $PRUH UHFHQW VWXG\ KRZHYHU VXJJHVWV WKDW
only a subgroup of individuals with psychopathy responds poorly to treatment 
ZKHQFRPSDUHG WRQRQSV\FKRSDWKV &KDNKVVLGH5XLWHU	%HUQVWHLQ ,W
was suggested that this low response group was characterized by lower levels of 
IHDU)XWXUHUHVHDUFKVKRXOGWDNHVXEW\SHVRISV\FKRSDWK\LQWRDFFRXQW)LQDOO\D
UHFHQWUHYLHZFRQFOXGHVWKDWWUHDWPHQWRXWFRPHLVORZWRPRGHUDWHO\VXFFHVVIXO
with more promising results for treatment in samples of persons with psychopathy 
DW\RXQJHUDJH6DOHNLQ:RUOH\	*ULPHV
:LWKLQ WKH 'XWFK IRUHQVLF V\VWHP D IRUHQVLF DGDSWDWLRQ RI VFKHPD IRFXVHG
WKHUDS\KDVEHHQGHYHORSHG%HUQVWHLQ$UQW]	9RV,WIRFXVHVRQHPRWLRQDO
states or schema modes most common in forensic patients with personality 
3DJH_3DJH_ 7KHRULHVRI3V\FKRSDWK\3V\FKRSDWK\
GLVRUGHUV DQG DVVXPHG WR EH UHODWHG WR YLROHQFH DQG FULPLQDOLW\ HJ Ȇ6HOI
$JJUHJDQGL]HUȇ Ȇ%XOO\	$WWDFNȇ Ȇ3DUDQRLGRYHUFRQWUROOHUȇ 7KHVHVFKHPDPRGHV
DUHG\QDPLFHPRWLRQDOVWDWHVKHDYLO\LQȵXHQFLQJDSDWLHQWȇVWKRXJKWVIHHOLQJDQG
EHKDYLRU7KHJRDORIWKLVWUDLQLQJLVWRUHGXFHWKHLQȵXHQFHRIPDODGDSWLYHFRSLQJ
PRGHVDQGUHSODFHWKHPE\KHDOWKLHUIRUPVRIFRSLQJ7KHȴUVWSURPLVLQJUHVXOWV
suggesting the effectiveness of schema therapy for forensic patients have been 
SUHVHQWHG%HUQVWHLQHWDO7KHVHUHVXOWVLQFOXGHSDWLHQWVZLWKKLJK3&/5
VFRUHVVXJJHVWLQJWKDWSV\FKRSDWKLFSDWLHQWVFDQEHQHȴWIURPWKLVIRUPRIWKHUDS\
DVZHOO+RZHYHUVRPHFDXWLRQIRUWRRPXFKHQWKXVLDVPLVZDUUDQWHG5HVXOWVDUH
RQO\PDUJLQDOO\VLJQLȴFDQWDQGLWVUHODWLRQVKLSZLWKSV\FKRSDWKLFVXEW\SHVLVQRW
FOHDU$GGLWLRQDOO\LWLVWREHVHHQZKHWKHUUHVXOWVJHQHUDOL]HIURPWKHWUHDWPHQW
VHWWLQJWRORQJWHUPSRVWUHOHDVHEHKDYLRU7KRVHZKRGRXEWFRQVLGHUUHVXOWVWREH
VLJQVRISVHXGRDGDSWDWLRQZLWKRXWLQWHUQDOL]DWLRQHJWKH\OHDUQWRUHSRUWZKDW
WKH\VKRXOGIHHOFRJQLWLYHHPSDWK\EXWGRQRWUHDOO\IHHOLWDIIHFWLYHHPSDWK\
7R VXPPDUL]H LQGLYLGXDOV ZLWK SV\FKRSDWK\ FDQ FDXVH VHULRXV SUREOHPV WR
WKHPVHOYHV WKHLUGLUHFWHQYLURQPHQWDQGVRFLHW\ LQJHQHUDODQGSV\FKRSDWK\ LV
UDWKHUGLɝFXOWWRWUHDW+RZHYHULWLVLPSRUWDQWWRXQGHUVWDQGWKDWQRWDOOSHRSOH
ZLWKKLJKSV\FKRSDWKLFWUDLWVWXUQLQWRRIIHQGHUV,QIDFWDFULWLFLVPRIWKH3&/5
is that it relies too heavily on the negative aspects of psychopathy while ignoring 
SRVLWLYHWUDLWV3RVLWLYHWUDLWVGHSHQGLQJRQWKHFRQWH[WLQFOXGHEHLQJDVVHUWLYH
IRFXVLQJRQSRVLWLYH WKLQJVQRW WDNLQJWKLQJVSHUVRQDOO\DQGVWD\LQJFDOPXQGHU
SUHVVXUH 'XWWRQ  7KH FRQFHSWRI DQRQFULPLQDO SV\FKRSDWKKDV DOUHDG\
EHHQGHVFULEHG LQ&OHFNOH\ȇVERRN Ȇ7KH0DVNRI6DQLW\ȇ 7KHVXFFHVVIXORU
non-criminal individual with psychopathy presents with the personality traits 
HJVXSHUȴFLDOFKDUPHJRFHQWULFLW\DQGODFNRIJXLOWEXWGRHVQRWVKRZVHULRXV
DQWLVRFLDO EHKDYLRU OHDGLQJ WR DUUHVW RU FRQYLFWLRQ ,W KDV HYHQ EHHQ VXJJHVWHG
WKDWVRPHSV\FKRSDWKLFWUDLWVPLJKWEHKLJKO\DGDSWLYHLQSURIHVVLRQVVXFKDVODZ
SROLWLFVRUEXVLQHVV 'XWWRQ/\NNHQ0RVW UHVHDUFKKDV IRFXVHGRQ
XQVXFFHVVIXO RU FULPLQDO SV\FKRSDWK\ 3UDFWLFDO LVVXHV VXFK DV UHFUXLWPHQW DQG
DVVHVVPHQWPDNHLWGLɝFXOWWRVWXG\VXFFHVVIXOSV\FKRSDWK\+RZHYHUVXFFHVVIXO
psychopathy might be different from non-successful psychopathy with respect to 
SURWHFWLYHWUDLWVOHDGLQJWRKLJKO\DGDSWLYHEHKDYLRULQVRPHUHVSHFW*DR	5DLQH
,QVLJKWVLQWRFULPLQDOSV\FKRSDWK\PLJKWQRWEHJHQHUDOL]DEOHWRWKHQRQ
FULPLQDO SV\FKRSDWK\ )XUWKHUPRUH XQGHUVWDQGLQJZK\ VRPH VWD\ RQ WKH OHJDO
SDWKVDQGPLJKWEHFRPHVXFFHVVIXOEXVLQHVVPHQZKLOHRWKHUVSXUVXHDFULPLQDO
FDUHHU FDQ KHOS XQGHUVWDQG SV\FKRSDWK\ ,WPLJKW HYHQ KHOS DGDSW H[LVWLQJ RU
GHYHORSQHZIRUPVRISUHYHQWLRQRUWUHDWPHQWSURJUDPV7KHODWWHURIFRXUVHLV
RQO\WUXHLIDQȆDGDSWHGRUVXFFHVVIXOȇSV\FKRSDWKLVZKDWZHZDQWWRDFKLHYHZLWK
WUHDWPHQWZKLFK LVDGHEDWH WKDWJRHVEH\RQGWKLV WKHVLVEXWQHYHUWKHOHVV LVRI
FUXFLDOLPSRUWDQFH
,QVKRUW LWVKRXOGEHFOHDUWKDWXQGHUVWDQGLQJSV\FKRSDWK\LVRI LPSRUWDQFH
:K\GRDWOHDVWDFRQVLGHUDEOHSDUWRISHRSOHZLWKSV\FKRSDWK\VKRZUHSHDWHG
FULPLQDOEHKDYLRUDOWKRXJKWKH\UHFHLYHWUHDWPHQWDQGH[SHULHQFHVHULRXVQHJDWLYH
FRQVHTXHQFHV VXFKDV LPSULVRQPHQW":K\GR WKH\ IDLO WR OHDUQ WR FKDQJH WKHLU
EHKDYLRUV" ,Q WKLV WKHVLV VHYHUDO LQYHVWLJDWLRQVRISURFHVVHV LQYROYHG LQ OHDUQLQJ
WRDGDSWEHKDYLRULQ'XWFKSDWLHQWVZLWKSV\FKRSDWK\ZLOOEHUHSRUWHGDQGWKHLU
FRQWULEXWLRQ WR ȴQGLQJ DQVZHUV RQ WKH DERYH TXHVWLRQV ZLOO EH GLVFXVVHG 7KLV
understanding might contribute to developing new and more effective treatment 
IRUPV
1.3. Theories of Psychopathy
6LQFH LWV ȴUVW GHVFULSWLRQ VHYHUDO WKHRULHV DQG PRGHOV DERXW WKH PHFKDQLVPV
XQGHUO\LQJWKHV\PSWRPVRISV\FKRSDWK\KDYHEHHQGHVFULEHG2YHUWKHODVW\HDUV
QHXURFRJQLWLYH H[SODQDWLRQV KDYH UHFHLYHG LQFUHDVHG DWWHQWLRQ ,Q JHQHUDO WZR
W\SHVRIPRGHOVKDYHEHHQSURSRVHGWKRVHEDVHGRQDWWHQWLRQDOSURFHVVHVDQG
WKRVHEDVHGRQHPRWLRQDOSURFHVVHV,QWKHIROORZLQJWKHPRVWSURPLQHQWQHXUR
FRJQLWLYHPRGHOVZLOOEHGHVFULEHG
7KH UHVSRQVHPRGXODWLRQK\SRWKHVLV LV DQ DWWHQWLRQEDVHGPRGHO 1HZPDQ
3DWWHUVRQ	1HZPDQ$FFRUGLQJWR3DWWHUVRQDQG1HZPDQ3DWWHUVRQ
	1HZPDQUHVSRQVHPRGXODWLRQȊLQYROYHVDUDSLGDQGUHODWLYHO\DXWRPDWLF
LHQRQHIIRUWIXORULQYROXQWDU\VKLIWRIDWWHQWLRQIURPWKHHIIRUWIXORUJDQL]DWLRQ
DQG LPSOHPHQWDWLRQRIJRDOGLUHFWHGEHKDYLRU WR LWVHYDOXDWLRQȋ ,W LV WKRXJKW WR
SOD\DUROHLQPRQLWRULQJRXUFRQVWDQWO\FKDQJLQJHQYLURQPHQW,QLQGLYLGXDOVZLWK
psychopathy this process is thought to be impaired leading to reduced automatic 
DQWLFLSDWLRQRI WKH FRQVHTXHQFHVRI WKHLU DFWLRQV1HZPDQ 1HZPDQ	%DVNLQ
3DJH_3DJH_ 7KHRULHVRI3V\FKRSDWK\7KHRULHVRI3V\FKRSDWK\
6RPPHUVDVVXPHVWKDWDQearly attentional bottleneck prevents processing 
RILQIRUPDWLRQWKDWLVLQFRQJUXHQWZLWKDFXUUHQWJRDO,WLVQRWDVRIWHQDVVXPHGLQ
V\QGURPHVRIGLVLQKLELWLRQDODWHDWWHQWLRQDOVHOHFWLRQSUREOHPUHODWHGWRH[HFXWLYH
IXQFWLRQLQJ 1HZPDQ DQG FROOHDJXHV KDYH SURYLGHG HYLGHQFH IRU WKLV PRGHO
$UQHWW6PLWK	1HZPDQ+LDWW	1HZPDQ1HZPDQ	.RVVRQ
1HZPDQ3DWWHUVRQ	.RVVRQ)RUH[DPSOHSDVVLYHDYRLGDQFHHUURUVZHUH
demonstrated in a go/no-go discrimination tasks when both monetary rewards and 
SXQLVKPHQWVZHUH LQYROYHG+RZHYHUZKHQ WKH WDVNGLGQRW LQYROYH FRPSHWLQJ
JRDOV UHZDUG DQG SXQLVKPHQW EXW RQO\ D SXQLVKPHQW FRQGLWLRQ 1HZPDQ 	
.RVVRQ  WKH SV\FKRSDWKLF LQGLYLGXDOV GLG QRWPDNHPRUH HUURUV WKDQ WKH
KHDOWK\FRQWUROVXEMHFWV7KLVZDVLQWHUSUHWHGDVHYLGHQFHIRUDGHȴFLWLQFRQGLWLRQV
ZLWKFRPSHWLQJDSSURDFKDQGDYRLGDQFHFRQWLQJHQFLHV+RZHYHUWKHPRGHOKDV
UHFHLYHGXQIDYRUDEOHMXGJPHQWVDVLWGRHVQRWȴWZHOOZLWKPRGHUQQHXURELRORJLFDO
PRGHOVRIDWWHQWLRQ%ODLUHWDO
7KH ORZ IHDU K\SRWKHVLV DVVXPHV WKDW WKH FRUH SUREOHP OLHV LQ GHFUHDVHG
SURFHVVLQJDQGUHVSRQGLQJWRIHDULQGXFLQJVWLPXOL/\NNHQ7KHEDVLFLGHD
LV WKDWH[SHULHQFLQJ IHDU WRD VWLPXOLRUHYHQW FDXVHVXV WRDYRLG VLPLODUHYHQWV
LQ WKH IXWXUH WKURXJKDVVRFLDWLRQRI IHDUZLWK WKHHYHQW LH IHDU FRQGLWLRQLQJ
7KXV GHFUHDVHG IHDUEDVHG OHDUQLQJPD\ OHDG WR SHUVLVWHQW DQWLVRFLDO UHVSRQVH
SDWWHUV)XUWKHUPRUHLWLVVXJJHVWHGWKDWWKLVIHDUEDVHGOHDUQLQJLVDOVRLQYROYHGLQ
VRFLDOL]DWLRQVXFKDVGHYHORSLQJHPSDWK\DQGOHDUQLQJPRUDOEHKDYLRU,QGLYLGXDOV
ZLWK SV\FKRSDWK\ LQGHHG DUH OHVV UHVSRQVLYH WR IHDU DV UHȵHFWHG LQ GHFUHDVHG
DURXVDO+DUH/RUEHU3DWULFNDQGZHDNHUDVVRFLDWLYHOHDUQLQJ
EDVHGRQSXQLVKPHQWV%LUEDXPHUHWDO+RZHYHULWKDVEHHQTXHVWLRQHG
whether socialization occurs only through these forms of fear conditioning (Blair et 
DO/\NNHQKDVUHYLVHGWKLVPRGHODQGQRZHPSKDVL]HVSXQLVKPHQW
LQVHQVLWLYLW\ LQVWHDG RI ORZ IHDU LQ JHQHUDO 'XH WR GLPLQLVKHG UHVSRQGLQJ WR
SXQLVKPHQWSV\FKRSDWKLFEHKDYLRULVUHZDUGGULYHQ
$QRWKHUPRGHOȂWKH,QWHJUDWHG(PRWLRQ6\VWHP0RGHO,(60RGHOȂSURSRVHG
E\%ODLU%ODLUHWDOVXJJHVWVWKDWLQGLYLGXDOVZLWKSV\FKRSDWK\SUHVHQWZLWK
DJHQHWLFSUHGLVSRVLWLRQZKLFKOHDGVWRUHGXFHGDP\JGDODUHDFWLYLW\7KHSUREOHP
H[WHQGVWRFRQQHFWHGSUHIURQWDODUHDVGXHWROLPLWHGLQSXWRILQIRUPDWLRQIURPWKH
DP\JGDOD 7KLV OHDGV WRGHFUHDVHGHPRWLRQDO OHDUQLQJ LQFOXGLQJ OHDUQLQJEDVHG
RQRXWFRPHV$QWLVRFLDOEHKDYLRUDOSDWWHUQVZRXOGQRWEHDGMXVWHGEDVHGRQWKHLU
QHJDWLYHFRQVHTXHQFHV%HKDYLRUDOO\WKLVZRXOGH[SODLQERWKIDFHWVRISV\FKRSDWK\
WKH DIIHFWLYH G\VIXQFWLRQ DQG WKH DQWLVRFLDO EHKDYLRU (TXDOO\ LW ZRXOG H[SODLQ
impaired performance on both emotional tasks and learning related tasks related 
WRWKHDP\JGDODGHȴFLW
1RWDEO\ DOO RI WKH DERYH PRGHOV SUHGLFW SUREOHPV ZLWK FHUWDLQ DVSHFWV RI
DGDSWLQJEHKDYLRUEDVHGRQH[WHUQDOUHLQIRUFLQJFXHVVXFKDVRXWFRPHVRUIHHGEDFN
DV D FHQWUDO FRPSRQHQW RI SV\FKRSDWK\ 7KH UHVSRQVHPRGXODWLRQ IRU H[DPSOH
would predict problems in reversal learning as changes in stimulus-outcome 
contingencies are not detected automatically due to increased attention to the 
GRPLQDQWUHVSRQVHVHW7KHORZIHDUK\SRWKHVLVZRXOGSUHGLFWVSHFLȴFGHȴFLWVLQ
OHDUQLQJIURPQHJDWLYHFRQVHTXHQFHV7KH,(6PRGHODWODVWZRXOGSUHGLFWWKDWDOO
IRUPVRIOHDUQLQJUHO\LQJRQSURFHVVLQJLQWKHDP\JGDODZRXOGEHSUREOHPDWLF1RW
surprisingly a large amount of studies has then investigated behavioral adaptation 
GHȴFLWV LQSV\FKRSDWK\7KLVERRVWRI VWXGLHV LVQRWRQO\PRWLYDWHGE\ WKHQHHG
IRUDYHULȴHGWKHRUHWLFDOPRGHOEXWDOVRE\FOLQLFDOPRWLYHVLIZHZDQWWREHDEOH
WRWUHDWLQGLYLGXDOVZLWKSV\FKRSDWK\ZHQHHGWRXQGHUVWDQGKRZWKH\OHDUQDQG
XQGHUZKLFKFLUFXPVWDQFHVWKH\FDQDGDSWEHKDYLRU7UDLQLQJLQHVVHQFHLVQRWKLQJ
HOVHWKHQWHDFKLQJVRPHRQHQHZVNLOOVWKDWDOORZWKHPWRDFWGLIIHUHQWO\,QWHUPVRI
WUHDWLQJFULPLQDOSV\FKRSDWKVWKHPDLQJRDOLVWRHQKDQFHSURVRFLDOEHKDYLRUDQG
WRUHGXFHWKHULVNIRUUHRIIHQGLQJ7RDVVLVWWKHSURFHVVRIGHYHORSLQJWUHDWPHQWV
which lead to long lasting changes I will present studies investigating different 
DVSHFWVRIOHDUQLQJPHQWLRQHGLQWKHDERYHUHYLHZHGPRGHOV,QTable 1.2. these 
models are summarized with regard to predictions about learning performance in 
LQGLYLGXDOVZLWKSV\FKRSDWK\
3DJH_3DJH_ 2XWFRPHSURFHVVLQJDQGDGDSWDWLRQRIEHKDYLRULQ3V\FKRSDWK\7KHRULHVRI3V\FKRSDWK\
Table 1.2. 7KUHHQHXURFRJQLWLYHPRGHOVRISV\FKRSDWK\DQGWKHLUSUHGLFWLRQZLWK
UHJDUGWRDIIHFWLYHRXWFRPHSURFHVVLQJ
Model Description 6SHFLȴFSUHGLFWLRQZLWKUHJDUGWROHDUQLQJ
Response 
0RGXODWLRQ
Hypothesis
1HZPDQ
3V\FKRSDWKLF
individuals present 
ZLWK GLɝFXOWLHV LQ
SHUIRUPLQJ D TXLFN
automatic and in-
voluntary shift of 
attention from a de-
liberate goal-driven 
DVSHFWHJUHFHLYLQJ
D UHZDUG WR PRUH
SHULSKHUDORQHVHJ
JHWWLQJSXQLVKHG
7KHPRGHOSUHGLFWV
D 0RUH GLɝFXOWLHV ZKHQ ERWK UHZDUG
and punishment outcomes are involved 
in a task
E 0RUHGLɝFXOWLHVLQUXOHUHYHUVDOWKDQUXOH
DFTXLVLWLRQGXHWRLQFUHDVHGDWWHQWLRQIRUWKH
dominant response set and decreased atten-
WLRQIRUWKHQHZUHVSRQVHVHW
/RZ)HDU
Hypothesis
/\NNHQ
3V\FKRSDWKLF
individuals are less 
responsive to fear 
LQGXFLQJVWLPXOL
7KHPRGHOSUHGLFWVOHVVOHDUQLQJIURPSXQLVK-
PHQWFRPSDUHGWRUHZDUG
Integrated 
(PRWLRQ6\VWHP
0RGHO
%ODLUHWDO

3V\FKRSDWKLF
individuals present 
ZLWKDGHȴFLWLQIXQF-
tions related to the 
amygdala and close-
ly connected struc-
WXUHV 7KLV LQFOXGHV
those forms of learn-
ing which depend on 
WKHDP\JGDOD
7KHPRGHODVVXPHVWKDWWKHIROORZLQJIRUPV
of associative learning are impaired for both 
appetitive and aversive associations:
D &RQGLWLRQHG VWLPXOXVXQFRQGLWLRQHG UH-
VSRQVH DVVRFLDWLRQV HJ LQFUHDVHG VNLQ UH-
sponse to a visual stimulus which was previ-
RXVO\SDLUHGZLWKDQRLVH
E Conditioned stimulus-affect representa-
WLRQDVVRFLDWLRQVHJWKHH[SHFWDWLRQRIDUH-
ZDUGIROORZLQJDVSHFLȴFYLVXDOVWLPXOXV
F Conditioned stimulus-valenced senso-
ry properties of the unconditioned stimulus 
DVVRFLDWLRQ HJ WKHH[SHFWDWLRQRI D FHUWDLQ
VPHOOZKHQVHHLQJDVSHFLȴFYLVXDOVWLPXOXV
G 7KHPRGHOH[SOLFLWO\GRHVQRWSUHGLFWSURE-
lems forming stimulus-response associations 
as these would not depend on the integrity of 
WKHDP\JGDOD
1.4. Outcome processing and adaptation of behavior in Psychopathy
)ROORZLQJ WKH GHYHORSPHQW RI FRJQLWLYH DFFRXQWV RI SV\FKRSDWK\ D ZHDOWK RI
VWXGLHVKDVEHHQFRQGXFWHG WR LQYHVWLJDWHDQG LIQHFHVVDU\ WRUHȴQH WKHRULHVRI
SV\FKRSDWK\,QWKHIROORZLQJWKHIRFXVZLOOEHRQVWXGLHVUHODWHGWRDGDSWDWLRQRI
EHKDYLRUEDVHGRQSHULSKHUDOUHLQIRUFHPHQWFXHVVXFKDVIHHGEDFNDQGRXWFRPHV
)XUWKHUPRUH WKHVWXGLHVZHUHFRQGXFWHG LQ3&/5GHȴQHGDGXOWSRSXODWLRQVDV
WKLVLVWKHSRSXODWLRQHPSKDVL]HGLQWKLVWKHVLV
It has been shown that individuals with psychopathy show abnormalities of 
UHYHUVDOOHDUQLQJ%ODLU&ROOHGJH	0LWFKHOO%XGKDQL5LFKHOO	%ODLU
0LWFKHOO &ROOHGJH /HRQDUG 	 %ODLU  IHDU FRQGLWLRQLQJ %LUEDXPHU HW DO
DQGSDVVLYHDYRLGDQFHOHDUQLQJLHOHDUQLQJWRDYRLGUHVSRQGLQJWRVWLPXOL
ZKLFKOHDGWRSXQLVKPHQW1HZPDQ	.RVVRQ3DVVLYHDYRLGDQFHGHȴFLWV
KRZHYHU KDYH EHHQ VKRZQ WR EH FRQWH[WGHSHQGHQWZLWK QRUPDO SHUIRUPDQFH
XQGHU SXQLVKPHQW RQO\ FRQGLWLRQV EXW ZLWK SRRU SHUIRUPDQFH LQ SDUDGLJPV
LQYROYLQJERWKSXQLVKPHQWDQG1HZPDQ	.RVVRQRUXQGHUFRQGLWLRQVLQ
ZKLFK UHZDUGZDVHPSKDVL]HG 1HZPDQ3DWWHUVRQ+RZODQG	1LFKROV
,Q OLQHZLWK WKLV LWZDV VKRZQ WKDWSDVVLYH DYRLGDQFH OHDUQLQJ LVPRGXODWHGE\
UHZDUGEXWQRWE\SXQLVKPHQW %ODLUHWDO)XUWKHUPRUH LQGLYLGXDOVZLWK
psychopathy have been shown to pause less after negative feedback (Newman et 
DO%DVHGRQWKHVHVWXGLHVLWZDVSURSRVHGWKDWSDVVLYHDYRLGDQFHGHȴFLWVDUH
GULYHQE\WKHLQDELOLW\WRLQWHUUXSWDGRPLQDQWUHZDUGVHHNLQJUHVSRQVHVHW)XUWKHU
evidence for this proposal was provided by Newman and colleagues (Newman et 
DOE\VKRZLQJWKDWSV\FKRSDWKVSHUIRUPVLPLODUWRKHDOWK\FRQWUROVRQULVN
WDNLQJWDVNVLIWKH\ZHUHIRUFHGWRSDXVHDIWHUSUHVHQWLQJIHHGEDFNLHLQWHUUXSWHG
IURPIRFXVLQJRQWKHLUGRPLQDQWUHVSRQVHVHW,IWKH\ZHUHQRWIRUFHGWRVWRSDQG
focus on the feedback they performed more poorly than a control group on the 
VWDQGDUG%HFKHUDIRXUSDFNJDPEOLQJWDVN0LWFKHOOHWDO
2YHU WKH ODVW \HDUV VWXGLHV KDYH QRW RQO\ IRFXVHG RQ EHKDYLRUDO GHȴFLWV LQ
UHVSRQGLQJ WR UHLQIRUFHUV 1HXURSK\VLRORJLFDO DQG QHXURLPDJLQJ VWXGLHV LQ
LQGLYLGXDOV ZLWK SV\FKRSDWK\ KDYH H[WHQGHG EHKDYLRUDO ȴQGLQJV WR LQVLJKWV LQ
XQGHUO\LQJGHȴFLHQWQHXUDOPHFKDQLVPV
3HUIRUPDQFHPRQLWRULQJ LV D SURFHVV WKDW HQDEOHV KXPDQV WR HYDOXDWH WKHLU
RQJRLQJEHKDYLRUDQGDGMXVWWKHLUDFWLRQVZKHQFRQȵLFWVDULVHRUHUURUVDUHPDGH
3DJH_3DJH_ 2XWFRPHSURFHVVLQJDQGDGDSWDWLRQRIEHKDYLRULQ3V\FKRSDWK\2XWFRPHSURFHVVLQJDQGDGDSWDWLRQRIEHKDYLRULQ3V\FKRSDWK\
7KHV\VWHPUHOLHVKHDYLO\RQSRVWHULRUPHGLDOIURQWDOFRUWH[LQFOXGLQJWKHDQWHULRU
FLQJXODWHG FRUWH[ $&& 7KHTXLFNSURFHVVHV WDNLQJSODFH LQ WKLV V\VWHPFDQEH
PHDVXUHG XVLQJ HOHFWURSK\VLRORJLFDOPHDVXUHV 6HYHUDO HYHQWUHODWHG SRWHQWLDOV
(53DUHDVVXPHGWREHLQYROYHG7KH1LVDQ(53EHOLHYHGWRUHȵHFWUHVSRQVH
LQKLELWLRQ RU GHWHFWLRQ RI D FRQȵLFW DQG KDV EHHQ UHODWHG WR WKH $&& %HNNHU
.HQHPDQV	9HUEDWHQ%RNXUD<DPDJXFKL	.RED\DVKL5LGGHULQNKRI
8OOVSHUJHU&URQH	1LHXZHQKXLVV,WLVFRPPRQO\ODUJHURQ1RJRWULDOVLQ
D*R1RJRSDUDGLJPRULQFRQJUXHQWWULDOVRQDȵDQNHUWDVNZKHUHVXEMHFWVKDYH
WRUHVSRQGWRDFHQWUDOVWLPXOLZKLFKLVHLWKHUVXUURXQGHGE\VDPHFRQJUXHQWRU
GLIIHUHQW LQFRQJUXHQW VWLPXOL 1LHXZHQKXLV <HXQJ	&RKHQ  7KHHUURU
UHODWHGQHJDWLYLW\ (51 LV DQRWKHU(53FRPSRQHQWDVVXPHG WREHJHQHUDWHG LQ
WKH$&&DQG UHȵHFWV WKHGHWHFWLRQRI DQHUURU HJ WKDW DQHYHQW LVZRUVH WKDQ
H[SHFWHG +ROUR\G 	 &ROHV  $QRWKHU FRPSRQHQW FRGLQJ IRU DVSHFWV RI
RXWFRPHHYDOXDWLRQLVWKH3ZKLFKLVWKRXJKWWREHVHQVLWLYHWRWKHSUREDELOLW\
RIDQRXWFRPH+DMFDN+ROUR\G0RVHU	6LPRQV+DMFDN0RVHU+ROUR\G	
6LPRQV$FFRUGLQJWRWKHFRQWH[WXSGDWLQJWKHRU\D3LVHOLFLWHGZKHQDQ
HYHQWVHHPVLQFRQVLVWHQWZLWKWKHFXUUHQWO\KHOGFRQWH[WDQGFDOOVIRUDEHKDYLRUDO
DGDSWDWLRQ LH RQ XQH[SHFWHG WULDOV VLJQDOLQJ D UHYHUVDO LQ VWLPXOXVRXWFRPH
FRQWLQJHQFLHV'RQFKLQ	&ROHV
7KH1KDVEHHQLQYHVWLJDWHGLQSV\FKRSDWK\XVLQJ*R1RJRSDUDGLJPVDQG
UHYHDOHGPL[HG UHVXOWV .LHKO  KDV UHSRUWHG DWWHQXDWHG1 DPSOLWXGHV
while this result could not be replicated in slightly different Go/No-go paradigm 
0XQURHWDOE
7KH (51 KDV EHHQ LQYHVWLJDWHG XVLQJ GLIIHUHQW YHUVLRQV RI WKH )ODQNHU WDVN
LQ LQGLYLGXDOV ZLWK SV\FKRSDWK\ 0XQUR DQG FROOHDJXHV KDYH GHPRQVWUDWHG
DWWHQXDWHG(51DPSOLWXGHVRQDIDFH)ODQNHUEXWQRWDOHWWHU)ODQNHUWDVN%UD]LO
%UD]LO HW DO  VKRZHG QRUPDO (51 DPSOLWXGHV DQG SRVWHUURU VORZLQJ
UHȵHFWLQJ LQWDFWHDUO\HUURUSURFHVVLQJ+RZHYHUSUREOHPV LQ ODWHUSURFHVVHVRI
error monitoring were demonstrated by lower signaling of error rates when asked 
WRLQGLFDWHHUURUVE\EXWWRQSUHVV$GGLWLRQDOO\UHGXFHGHUURUSRVLWLYLW\DPSOLWXGHV
UHȵHFWLQJFRQVFLRXVDVSHFWVRIHUURUGHWHFWLRQZHUH IRXQG)LQDOO\%UD]LO 
used a paradigm in which participants had to perform and observe performance 
RQD)ODQNHUWDVN,WZDVVKRZQWKDWPRQLWRULQJRQHȇVRZQEHKDYLRULVQRWLPSDLUHG
ZKHUHDVPRQLWRULQJRIRWKHUVȇDFWLRQRXWFRPHZDVLPSDLUHGUHȵHFWHGLQGHFUHDVHG
REVHUYHG(51DPSOLWXGHV$VLQRWKHUVWXGLHVHDUO\SURFHVVHVRIHUURUPRQLWRULQJ
ZHUH VKRZQ WREH LQWDFW DV UHȵHFWHGE\QRUPDO ODWHUDOL]HG UHDGLQHVVSRWHQWLDOV
HJHDUO\SURFHVVLQJRIREVHUYHGDFWLRQVLQWKHPRWRUV\VWHP
5HVXOWVFRQFHUQLQJWKH3DUHPL[HG6HYHUDOVWXGLHVIRXQGQRGLIIHUHQFHLQ
3 DPSOLWXGHV %UD]LO HW DO  -XWDL+DUH	&RQQROO\  RWKHUVKDYH
IRXQGODUJHUDPSOLWXGHV.LHKO+DUH/LGGOH	0F'RQDOGDQGRQHKDVIRXQG
VPDOOHUDPSOLWXGHV0XQURHWDOD$OOVWXGLHVWKDWKDYHIRXQGGLIIHUHQFHVLQ
3DPSOLWXGHEHWZHHQSV\FKRSDWKLFLQGLYLGXDOVDQGKHDOWK\FRQWUROVKDYHXVHG
SDUDGLJPVLQZKLFKWDUJHWVZHUHOHVVIUHTXHQWWKHQQRQWDUJHWV3HIIHFWVPLJKW
WKXVEHFRQIRXQGHGE\WDUJHWIUHTXHQF\$OWHUQDWLYHH[SODQDWLRQVIRUGLIIHUHQFHV
LQȴQGLQJVFRXOGEHGLIIHUHQFHV LQSRSXODWLRQVFRPRUELGLW\RUWHFKQLFDODVSHFWV
RI GDWD SURFHVVLQJ %UD]LO HW DO %UD]LO HW DO  GLVVRFLDWHG WZR GLIIHUHQW
SURFHVVHVUHȵHFWHGLQWKH37KH3DUHȵHFWLQJSURFHVVLQJRIWDVNLUUHOHYDQW
QRYHO VWLPXOLDQG WKH3E UHȵHFWLQJSURFHVVLQJRI WDVNUHOHYDQWQRYHO VWLPXOL
3V\FKRSDWKLF VXEMHFWV VKRZHG WKH VDPH GLIIHUHQWLDWLRQ EHWZHHQ WDVNLUUHOHYDQW
DQG WDVNUHOHYDQWQRYHO VWLPXOL DVKHDOWK\ FRQWUROV DOWKRXJKRYHUDOO DPSOLWXGHV
ZHUH VOLJKWO\ UHGXFHG+RZHYHU QRQSV\FKRSDWKLF DQWLVRFLDO LQGLYLGXDOV GLG QRW
VKRZWKHGLIIHUHQWLDWLRQDQGVKRZHGDJHQHUDOUHGXFWLRQLQDPSOLWXGHV7KHUHVXOWV
indicate that individuals with psychopathy have the ability to monitor information 
and that they appropriately allocate late selective attention to different types of 
QRYHORUXQH[SHFWHGVWLPXOL+RZHYHUWKHLUDOORFDWLRQRIDWWHQWLRQDOUHVRXUFHVLV
RYHUDOOUHGXFHGZKLOHWKHLUWDVNSHUIRUPDQFHLVQRUPDO
0DJQHWLF UHVRQDQFH LPDJLQJ 05, VWXGLHV LQ SV\FKRSDWKLF LQGLYLGXDOV KDYH
revealed abnormalities in several brain areas related to behavioral adjustments 
EDVHGRQ UHLQIRUFHUV 6WUXFWXUDO05, VWXGLHV KDYH VKRZQ UHGXFHGZKLWHPDWWHU
LQ SUHIURQWDO UHJLRQV <DQJ HW DO  7KH SUHIURQWDO FRUWH[ LV WKRXJKW WR EH
LPSRUWDQWLQWRSGRZQSURFHVVLQJLHZKHQEHKDYLRULVJXLGHGE\LQWHUQDOVWDWHV
RILQWHQWLRQV0LOOHU	&RKHQDQGFRQWUROVDZLGHUDQJHRISURFHVVHVWKDW
VHUYHJRDOGLUHFWHGEHKDYLRU0RUHVSHFLȴFSUHIURQWDOWHPSRUROLPELFDUHDVKDYH
EHHQLPSOLFDWHGLQRWKHUVWXGLHV3ULGPRUH&KDPEHUV	0F$UWKXU:HEHU
+DEHO$PXQWV	6FKQHLGHU<DQJ5DLQH&ROOHWWL7RJD	1DUU7KHVH
FLUFXLWV DUH WKRXJKW WR EH LQYROYHG LQ HPRWLRQDO SURFHVVLQJ DQG OHDUQLQJ0RUH
3DJH_3DJH_ 2XWFRPHSURFHVVLQJDQGDGDSWDWLRQRIEHKDYLRULQ3V\FKRSDWK\2XWFRPHSURFHVVLQJDQGDGDSWDWLRQRIEHKDYLRULQ3V\FKRSDWK\
VSHFLȴFVWUXFWXUDODEQRUPDOLWLHVLQWKHDP\JGDODDUHOLQNHGWRLPSDLUHGSURFHVVLQJ
RI HPRWLRQDO VWLPXOL DQGHYHQWV <DQJHW DO  <DQJ5DLQH1DUU&ROOHWWL	
7RJD'HFUHDVHGSUHIURQWDOYROXPH<DQJHWDOLVWKRXJKWWRXQGHUOLH
LPSDLUHG LPSXOVH FRQWURO DIIHFWLYH OHDUQLQJ LPSDLUHG DGMXVWPHQW RI EHKDYLRU
IROORZLQJFKDQJHVLQUHLQIRUFHPHQWFRQWLQJHQFLHVLPSDLUHGGHFLVLRQPDNLQJDQG
SODQQLQJ 5HGXFWLRQV LQ KLSSRFDPSDO DUHDV /DDNVR HW DO  DUH WKRXJKW WR
XQGHUOLH LPSDLUHGUHWULHYDORIHPRWLRQDOPHPRULHVGHFUHDVHG IHDUFRQGLWLRQLQJ
DQGLPSDLUHGDVVRFLDWLYHOHDUQLQJ)LQDOO\GHFUHDVHVLQWHPSRUDODUHDVDUHOLQNHGWR
WKHSURFHVVLQJRIDEVWUDFWLQIRUPDWLRQZKLFKPLJKWH[SODLQLPSDLUPHQWLQFRPSOH[
VRFLDO HPRWLRQV VXFK DV HPSDWK\ DQG UHPRUVH .LHKO HW DO 0¾OOHU HW DO
0RVWVWXGLHVKDYHQRWLQYHVWLJDWHGZKHWKHUGLIIHUHQFHVEHWZHHQLQGLYLGXDOV
with psychopathy and healthy controls relate to measures of psychopathy or even 
VSHFLȴF DVSHFWV RI SV\FKRSDWK\2QO\ D IHZ VWXGLHV KDYH UHSRUWHG FRUUHODWLRQDO
analysis between structural abnormalities and facets of psychopathy and results 
ZHUHPL[HG/DDNVRDQGFROOHDJXHVIRXQGQRFRUUHODWLRQZLWKSV\FKRSDWK\IDFHWV
<DQJDQGFROOHDJXHVVKRZHGDUHODWLRQEHWZHHQSV\FKRSDWKLFWUDLWVDQGUHGXFWLRQV
LQIURQWDODQGWHPSRUDODUHDV<DQJHWDO
.LHKODQGFROOHDJXHVXVLQJIXQFWLRQDO05,KDYHVKRZQDEQRUPDODIIHFW
UHODWHGDFWLYLW\LQWKHDP\JGDODKLSSRFDPSDOIRUPDWLRQSDUDKLSSRFDPSDOJ\UXV
YHQWUDOVWULDWXPDQGLQWKHDQWHULRUDQGSRVWHULRUFLQJXODWHJ\ULDQGRYHUDFWLYDWLRQ
LQ WKH ELODWHUDO IURQWRWHPSRUDO FRUWH[ IRU SURFHVVLQJ DIIHFWLYH VWLPXOL 6LPLODU
ȴQGLQJV ZHUH VKRZQ E\0¾OOHU  DQG LQWHUSUHWHG DV GHȴFLHQFLHV LQ WKRVH
circuits that insert top-down control or regulate button-up signals from limbic 
DUHDV LHSUHIURQWDODQG OLPELF UHJLRQV'XULQJ LQKLELWLRQ UHGXFHGGRUVRODWHUDO
SUHIURQWDO DFWLYLW\ KDV EHHQ VKRZQ 6PLWK  5HFHQWO\ VWXGLHV SURYLGHG
evidence for increased activation in the striatum during anticipation of reward in 
QRQFULPLQDO LQGLYLGXDOVZLWKSV\FKRSDWKLFWUDLWV %MRUN&KHQ	+RPPHU
%XFNKROW]HWDO,QFULPLQDOSV\FKRSDWKVLQFUHDVHGDFWLYDWLRQLQWKHVWULDWXP
ZKHQDFWXDOO\UHFHLYLQJUHZDUGV3XMDUD0RW]NLQ1HZPDQ.LHKO	.RHQLJV
ZDVGHPRQVWUDWHG
,Q JHQHUDO IURQWDO DQG OLPELF DUHDV DUH IXQFWLRQDOO\ LPSDLUHG <DQJ	 5DLQH
$VDOUHDG\VWDWHGDERYHLQRUGHUWRJDLQDFRPSUHKHQVLYHSLFWXUHRIKRZ
neural vulnerabilities predispose a person to maladaptive outcomes associated 
ZLWK SV\FKRSDWK\ LW LV RI LPSRUWDQFH WR GHPRQVWUDWH DVVRFLDWLRQV EHWZHHQ
VSHFLȴFQHXUDOSURFHVVHVDQGIDFHWVRISV\FKRSDWK\&DUUHDQGFROOHDJXHV&DUUH
+\GH1HXPDQQ9LGLQJ	+DULUL  VKRZHG WKDWDP\JGDOD UHDFWLYLW\GXULQJ
SURFHVVLQJRIIHDUIXOIDFLDOH[SUHVVLRQUHODWHGQHJDWLYHO\WRWKHLQWHUSHUVRQDOIDFHW
RI SV\FKRSDWK\ZKLOH DP\JGDOD UHDFWLYLW\ WR DQJU\ IDFLDO H[SUHVVLRQV LQFUHDVHG
ZLWKLQFUHDVHGVFRUHVRQWKHOLIHVW\OHIDFHW$QHJDWLYHDVVRFLDWLRQZLWKWKHOLIHVW\OH
IDFHWLVVKRZQIRUYHQWUDOVWULDWDODFWLYLW\WRSRVLWLYHFRPSDUHGWRQHJDWLYHIHHGEDFN
7DNHQWRJHWKHUUHVXOWVRIEHKDYLRUDOVWXGLHVFRQȴUPWKHRU\EDVHGSUHGLFWLRQV
RI GLɝFXOWLHV LQ DGMXVWLQJ EHKDYLRU EDVHG RQ WKHLU FRQVHTXHQFHV )XUWKHUPRUH
electrophysiological and neuroimaging studies demonstrate abnormalities in 
QHXUDODUHDVDQGQHXURFRJQLWLYHSURFHVVHV+RZHYHURSHQTXHVWLRQVUHPDLQVXFK
DVZKLFKDVSHFWVRIUHLQIRUFHPHQWSURFHVVLQJLVLPSDLUHGDQGKRZWKLVUHODWHVWR
VSHFLȴFSV\FKRSDWKLFWUDLWV:LWKUHVSHFWWRWKHIRUPHUIRUH[DPSOHVWXGLHVKDYH
HPSKDVL]HGSXQLVKPHQWEDVHGOHDUQLQJZKLOHUHZDUGEDVHGOHDUQLQJKDVUHFHLYHG
PXFKOHVVDWWHQWLRQ6RPHVWXGLHVDQGPRGHOVDOVRGRQRWVSHFLI\KRZUHVXOWVDQG
SUHGLFWLRQVUHODWHWRVSHFLȴFDVSHFWVRISV\FKRSDWK\
:KLOH PRGHOV RI SV\FKRSDWK\ DUH LPSRUWDQW DQG VWLPXODWH UHVHDUFK VRPH
VWXGLHVJREH\RQGWKHVSHFLȴFLW\RIWKHPRGHOVDQGIXUWKHUPRUHRXUNQRZOHGJHRI
EUDLQSURFHVVHVLVPRUHGHWDLOHGWKDQGHVFULEHGLQWKHVHPRGHOV7KHUHIRUHWKHVH
PRGHOVDUHYHU\XVHIXOLQSUHGLFWLQJFHUWDLQGHȴFLWVDQGXVHWKHPWRH[SODLQFHUWDLQ
DVSHFWVRISV\FKRSDWK\EXWDUHQRWDVVSHFLȴFDQGGHWDLOHGLQGHVFULELQJXQGHUO\LQJ
neurocognitive mechanisms as could be done based on knowledge about the same 
SURFHVVHV LQ KHDOWK\ LQGLYLGXDOV 5HLQIRUFHPHQW SURFHVVLQJ LQ WKH KHDOWK\ EUDLQ
is understood in much more detail than described in neurocognitive accounts of 
SV\FKRSDWK\)RUH[DPSOHWKH,(6PRGHOSUHGLFWVG\VIXQFWLRQVLQIRUPLQJVWLPXOXV
UHLQIRUFHPHQWDVVRFLDWLRQV+RZHYHUWKLVFRXOGKDYHPDQ\XQGHUO\LQJFDXVHVVXFK
as problems with the anticipation of reinforcers which affects how someone reacts 
LQDFHUWDLQVLWXDWLRQDQRWKHUH[SODQDWLRQFRXOGEHWKDWDPLVPDWFKEHWZHHQWKH
H[SHFWHGDQGDFWXDORXWFRPHLVQRWGHWHFWHGRUPD\EHQRWXVHGWRDGMXVWIXWXUH
H[SHFWDWLRQVDQGFRQVHTXHQWO\IXWXUHFKRLFHVRQKRZWRDFWLHDGMXVWVWLPXOXV
RXWFRPH DVVRFLDWLRQV ,PSRUWDQWO\ IXQGDPHQWDO QHXURVFLHQFH KDV DGYDQFHG
rapidly over the last decades and has resulted in models of reinforcement learning 
3DJH_3DJH_ 0RGHOVDQG0HFKDQLVPVRI/HDUQLQJ0RGHOVDQG0HFKDQLVPVRI/HDUQLQJ
ZKLFKDUHIDUPRUHGHWDLOHGWKDQGHVFULEHGLQH[LVWLQJPRGHOVRISV\FKRSDWK\,Q
WKHIROORZLQJFKDSWHUV,ZLOOUHSRUWH[SHULPHQWVLQVSLUHGE\WKHFOLQLFDOREVHUYDWLRQ
that individuals with psychopathy do not seem to learn how to change their 
EHKDYLRUEDVHGRQWKHFRQVHTXHQFHVRIWKHVHEHKDYLRUV7KHLPSRUWDQFHRIWKLV
REVHUYDWLRQLVUHȵHFWHGLQWKHRUHWLFDOPRGHOVRISV\FKRSDWK\DVRXWOLQHGDERYH
7KHWKHRUHWLFDOFRQWH[WLQZKLFKWKHVHUHVXOWVZLOOEHLQWHUSUHWHGLVPDLQO\IRUPHG
E\ NQRZOHGJH DQG PRGHOV GHULYHG IURP IXQGDPHQWDO QHXURFRJQLWLYH UHVHDUFK
7KLVFRXOGOHDGWRȴQHJUDLQHGXQGHUVWDQGLQJRIZKLFKDVSHFWRIDIIHFWLYHRXWFRPH
SURFHVVLQJLQSV\FKRSDWK\LVGHȴFLHQWDQGFRXOGEHXVHGWRUHȴQHFXUUHQWPRGHOV
RISV\FKRSDWK\WRWKHVDPHOHYHODVLVRXUXQGHUVWDQGLQJRIWKHKHDOWK\EUDLQ
In the following section I will give an overview of current reinforcement learning 
PRGHOVZKLFKZLOOEHXVHGLQWKLVWKHVLVWRH[SODLQDQGLQFRUSRUDWHWKHGLIIHUHQW
VWXG\UHVXOWV,ZLOODOVRGHȴQHGLIIHUHQWFRQFHSWVWKDWDUHUHOHYDQWWRWKLVUDWKHU
FRPSOH[IRUPRIOHDUQLQJ
1.5. Models and Mechanisms of Learning
$GDSWDWLRQ RI EHKDYLRU FDQ EH GHȴQHG DV WKH SURFHVV RI DFTXLULQJ QHZ RU
PRGLI\LQJH[LVWLQJNQRZOHGJHEHKDYLRUDQGVNLOOV,WFDQKDSSHQLQYDULRXVIRUPV
VXFKDVSDUWRIHGXFDWLRQSHUVRQDOGHYHORSPHQWRUWUDLQLQJ,WPD\EHFRQVFLRXV
RU QRW DFWLYH RU SDVVLYH JRDORULHQWHG RU GULYHQ E\PRWLYDWLRQ TXLFN RU VORZ
REVHUYDWLRQDORUVHOIH[SHULHQFHG/HDUQLQJVWDUWVSUHQDWDOO\6DQGPDQ:DGKZD
&KLF]'H0HW3RUWR	*DULWHDQGFRQWLQXHVWKURXJKRXWOLIH3OD\LQJLVVHHQ
DVRQHRIWKHȴUVWIRUPVRIOHDUQLQJ:KLOHFKLOGUHQSOD\WKH\H[SHULHQFHWKHZRUOG
OHDUQWKHUXOHVDQGPDNHPHDQLQJRIWKHLUHQYLURQPHQW/HDUQLQJFDQWDNHPDQ\
IRUPVVXFKDVQRQDVVRFLDWLYH OHDUQLQJ KDELWXDWLRQVHQVLWL]DWLRQRUDVVRFLDWLYH
OHDUQLQJ 7KLV WKHVLV ZLOO IRFXV RQ WZR IRUPV RI DVVRFLDWLYH OHDUQLQJ VWLPXOXV
UHVSRQVH RU LQVWUXPHQWDO RSHUDQW OHDUQLQJ LQYROYLQJ UHLQIRUFHUV DQG VWLPXOXV
RXWFRPHOHDUQLQJRU3DYORYLDQOLNHOHDUQLQJ'XULQJWKHVWLPXOXVUHVSRQVHOHDUQLQJ
WDVN RU UHLQIRUFHPHQW OHDUQLQJ WDVN XVHG LQ WKLV WKHVLV &KDSWHU  SDUWLFLSDQWV
are presented with several stimuli and have to learn to make one of two possible 
UHVSRQVHVWRHDFKVWLPXOXVEDVHGRQIHHGEDFNUHLQIRUFHUVWKH\UHFHLYHDIWHUHDFK
DFWLRQ FRUUHFWLQFRUUHFW $ UHLQIRUFHU LV D WHPSRUDOO\ FRQWLQXRXV HYHQW GLUHFWO\
SURGXFHGE\DUHVSRQVH,WVWUHQJWKHQVRUPDLQWDLQVWKHUHVSRQVHZKLFKSUHFHGHG
WKHHYHQW5HLQIRUFHUV FDQEHSRVLWLYH DSSHWLWLYH LQFUHDVLQJ WKH IUHTXHQF\RI D
UHVSRQVHRUQHJDWLYHDYHUVLYHGHFUHDVLQJWKHIUHTXHQF\RIDUHVSRQVHSULPDU\
XQFRQGLWLRQHGRU LQQDWHVXFKDVVOHHS IRRG VH[RU VHFRQGDU\ FRQGLWLRQHGRU
OHDUQHGWRIXQFWLRQDVUHLQIRUFHUVVXFKDVPRQH\VPLOH\V\PEROV5HLQIRUFHPHQW
OHDUQLQJWDNHVSODFHE\LQWHUDFWLRQZLWKDQHQYLURQPHQW$UHLQIRUFHPHQWOHDUQHU
OHDUQVIURPWKHFRQVHTXHQFHVRIKLVKHUDFWLRQLQVWHDGRIEHLQJH[SOLFLWO\WDXJKW
$FWLRQV DUH VHOHFWHGEDVHGRQSDVW H[SHULHQFH DQGQHZ FKRLFHV WULDODQGHUURU
OHDUQLQJ 7KH UHLQIRUFHPHQW VLJQDO LVD UHZDUGZKLFK UHȵHFWV WKH VXFFHVVRIDQ
DFWLRQȇVRXWFRPH5HLQIRUFHPHQWOHDUQHUVDLPWRVHOHFWDFWLRQVWKDWPD[LPL]HWKH
DFFXPXODWHGUHZDUGRYHUWLPH
In a typical paradigm for the second form of stimulus-outcome associative 
OHDUQLQJ&KDSWHUDQGSDUWLFLSDQWVDUHSUHVHQWHGZLWKRQHRIWZRVWLPXOL2QH
RIWKHVWLPXOLZLOODOZD\VEHIROORZHGE\DSRVLWLYHRXWFRPHWKHRWKHUE\DQHJDWLYH
RXWFRPH6XEMHFWVKDYHWROHDUQWKHVHVWLPXOXVRXWFRPHFRQWLQJHQFLHVDQGSUHGLFW
WKHRXWFRPHDIWHUHDFKVWLPXOXVSUHVHQWDWLRQ'XULQJVWLPXOXVRXWFRPHOHDUQLQJ
which is akin to pavlovian learning the association is strengthened by repeated 
SDLUHGSUHVHQWDWLRQRIWKHVWLPXOXVDQGWKHRXWFRPH
6HYHUDO QHXURFRJQLWLYH PRGHOV RI DVVRFLDWLYH OHDUQLQJ KDYH EHHQ SURSRVHG
$FFRUGLQJ WR PDQ\ UHVHDUFKHUV GLIIHUHQFHV EHWZHHQ H[SHFWHG DQG DFWXDOO\
REWDLQHGUHLQIRUFHPHQWRUUHZDUGSUHGLFWLRQHUURUVDUHXVHGWRIRUPDQGDGMXVW
associations between actions or stimuli and their consequences or reinforcements 
0RQWDJXH	%HUQV6XWWRQ6XWWRQ	%DUWR,WLVVXJJHVWHGWKDW
these prediction errors can guide decision making by signaling the need to adjust 
EHKDYLRU
7KH5HLQIRUFHPHQW/HDUQLQJ5/PRGHOE\+ROUR\GDQG&ROHVSURSRVHV
WKDW ZKHQ DQ RXWFRPH LV ZRUVH WKDQ H[SHFWHG VXFK DV DQ HUURU LQ D VSHHGHG
UHDFWLRQ WLPHV WDVN WKH PHVHQFHSKDOLF GRSDPLQH V\VWHP GLVLQKLELWV PRWRU
QHXURQVLQWKH$&&7KLVSUHGLFWLRQHUURUVLJQDOLVSURGXFHGE\WKHEDVDOJDQJOLD
%*EDVHGRQLQIRUPDWLRQIURPWKHH[WHUQDOHQYLURQPHQWDQGDQȊHIIHUHQFHFRS\ȋ
RIWKHUHVSRQVH+ROUR\G1LHXZHQKXLV<HXQJ	&RKHQ,IWKH%*GHWHFWV
WKDWDQRXWFRPHLVEHWWHUWKDQH[SHFWHGDSRVLWLYHHUURUVLJQDOLVVHQWRXWLHD
SKDVLF LQFUHDVH LQ WRQLF DFWLYLW\ RI WKHPHVHQFHSKDOLF GRSDPLQH V\VWHP:KHQ
RXWFRPHV DUH ZRUVH WKDQ H[SHFWHG D QHJDWLYH HUURU VLJQDO LV VHQW RXW SKDVLF
3DJH_3DJH_ 0RGHOVDQG0HFKDQLVPVRI/HDUQLQJ0RGHOVDQG0HFKDQLVPVRI/HDUQLQJ
GHFUHDVH LQ WRQLFDFWLYLW\RI WKHPHVHQFHSKDOLFGRSDPLQHV\VWHP7KURXJK WKLV
HUURUVLJQDOWKH$&&OHDUQVZKLFKPRWRUFRQWUROOHUUHVSRQVHVHOHFWLRQPRGXOHLV
PRVWDSSURSULDWHIRUUHJXODWLQJWKHWDVNDWKDQG7KH$&&LVWKXVVHHQDVDPRWRU
FRQWUROȴOWHUGHFLGLQJZKLFKPRWRUFRQWUROOHUWRXVH7KHSUHGLFWLYHHUURUVLJQDOV
DUHUHȵHFWHGLQDQHYHQWUHODWHGSRWHQWLDOFDOOHGWKHHUURUUHODWHGQHJDWLYLW\(51
)DONHQVWHLQ+RKQVEHLQ+RRUPDQQ	%ODQNH*HKULQJ*RVV&ROHV0H\HU
	'RQFKLQ'HSHQGLQJRQWKHWLPLQJDQGWKHNQRZOHGJHRIWKHV\VWHPDW
KDQGVHYHUDOYHUVLRQVRIWKLV(53FRPSRQHQWDUHGLIIHUHQWLDWHGDUHVSRQVHUHODWHG
QHJDWLYLW\U(51RFFXUVDERXWPVDIWHUDQHUURQHRXVUHVSRQVHKDVEHHQPDGH
A prerequisite for this to occur is that the system has the available knowledge at the 
WLPHRIWKHUHVSRQVHWRGHWHFWWKHHUURULHKDVOHDUQHGWKHWDVNDWKDQGDQGHUURUV
DUHGXH WR LQDWWHQWLRQRU WLPHSUHVVXUHEXWQRWGXH WR ȊQRWNQRZLQJȋ$VLPLODU
component can be observed following error feedback or negative outcomes when 
such feedback/ outcome is necessary for the subject to know whether a preceding 
UHVSRQVHZDVFRUUHFWRULQFRUUHFW7KLVVRFDOOHGIHHGEDFNUHODWHGQHJDWLYLW\)51
is present about 200-400ms after negative compared to positive feedback or 
RXWFRPHV )UDQN:RURFK	&XUUDQ+ROUR\GHWDO1LHXZHQKXLVHW
DO  <DVXGD 6DWR0L\DZDNL .XPDQR	.XERNL  ,W KDVEHHQ VKRZQ
WKDWWKH)51FRGHVIRUSUHGLFWLRQHUURUV)UDQNHWDO+ROUR\G	&ROHV
1LHXZHQKXLV+ROUR\G0RO	&ROHV6FKXOW]'D\DQ	0RQWDJXH$
WKLUG YHUVLRQ LV WKH REVHUYHG (51 R(51ZKLFK LV JHQHUDWHGZKHQSDUWLFLSDQWV
REVHUYH RWKHUV FRPPLWWLQJ DQ HUURU (YLGHQFH WKDW WKH VDPH V\VWHP SURGXFHV
these different versions of error-related negativity stems from studies showing that 
GHWHFWLRQRIRZQHUURUVDQGWKRVHRIRWKHUVDFWLYDWHVLPLODUUHJLRQVLQS0)&GH
%UXLMQGH/DQJHYRQ&UDPRQ	8OOVSHUJHU
$SRSXODUUHLQIRUFHPHQWOHDUQLQJDUFKLWHFWXUHLVWKHDFWRUFULWLFPRGHO,QWKHVH
PRGHOV WKHDFWRUȇV WDVN LV WRFKRRVHDFWLRQVWRPRYHDQDJHQWWKURXJKGLIIHUHQW
VWDWHV LQ WKHZRUOGE\XVLQJSROLFLHV HJVWDWHDFWLRQPDSSLQJV(YHU\WLPHWKH
DFWRUHQJDJHVDPRWRUUHVSRQVHWKHQHZVWDWHLVHYDOXDWHGE\WKHFULWLF7KHFULWLFȇV
task is to learn the prediction of rewards from ongoing actions and environmental 
FXHV 7KHVH UHZDUGV DUH DVVRFLDWHG ZLWK SDUWLFXODU VWDWHV LQ WKH HQYLURQPHQW
VXFKDVWDVNFRQWH[W7KHFULWLFWKXVOHDUQVDQGVWRUHVVWDWHYDOXHV7KHHYDOXDWLRQ
RIWKHFULWLF LVVLJQDOHGDVDSUHGLFWLRQVLJQDO7KHFULWLFXVHVWKHVLJQDOWRDGMXVW
OHDUQHGVWDWHYDOXHVWKHDFWRUWRDGMXVWDFWLRQVHOHFWLRQSROLFLHV7KHUHE\WKHDFWRU
PDLQWDLQV LQWHUQDO UHSUHVHQWDWLRQV RI WKH H[SHFWHG UHZDUGV IRU HDFK SRVVLEOH
DFWLRQLQRUGHUWRFKRRVHWKHDFWLRQZLWKWKHKLJKHVWH[SHFWHGYDOXH2ȇ'RKHUW\HW
DO
/HDUQLQJ EDVHG RQ DIIHFWLYH LQIRUPDWLRQ VXFK DV D UHLQIRUFHU IHHGEDFN RU
RXWFRPHFDQWDNHWZRIRUPVGXULQJPRGHOIUHHRUKDELWXDO OHDUQLQJQRH[SOLFLW
PRGHO RI WKH HQYLURQPHQW LV LQYROYHG 'XULQJ PRGHOEDVHG OHDUQLQJ WKH DFWRU
OHDUQVDSSURSULDWHUHVSRQGLQJEDVHGRQDQH[SOLFLWPRGHORIWKHHQYLURQPHQW
Another way in which a stimulus can affect behavior is by evoking a 
UHSUHVHQWDWLRQ RI WKH DIIHFWLYH RXWFRPH DVVRFLDWHG ZLWK WKDW VWLPXOXV 7KHVH
RXWFRPH UHSUHVHQWDWLRQV FDQ WKHQ HOLFLW LQQDWHO\ VSHFLȴHG HYROXWLRQDULO\
SUHSURJUDPPHGRU3DYORYLDQUHVSRQVHELDVHVVXFKDVDSSURDFKDYRLGDQFHDFWLRQ
WHQGHQFLHV$SSURDFKDQGDYRLGDQFHDFWLRQ WHQGHQFLHV LQYROYHDEDVLF UHVSRQVH
WRVWLPXOXVYDOHQFH&DFLRSSR	%HUQWVRQ/DQJ%UDGOH\	&XWKEHUW
7KLVEHKDYLRULVWKRXJKWWREHPHGLDWHGE\SULPDU\PRWLYDWLRQDOV\VWHPVH[LVWLQJ
LQ WKHEUDLQ /DQJHWDO$SSHWLWLYHVWLPXOLHOLFLWDSSURDFKEHKDYLRUQRQ
DSSHWLWLYHVWLPXOLDFWLYDWHDYRLGDQFHEHKDYLRU&KHQ	%DUJK%RWKSULPDU\
DQGVHFRQGDU\UHLQIRUFHUVVXFKDVIDFLDOH[SUHVVLRQVFDQVHUYHDVLQSXWWRWKHVH
V\VWHPV &KHQ	%DUJK/DQJHWDO0DUVK$PEDG\	.OHFN
5RHORIV0LQHOOL0DUVYDQ3HHU	7RQL5ROOV9ROPDQ5RHORIV.RFK
9HUKDJHQ	7RQL(YLGHQFHFRPHVIURPVWXGLHVVKRZLQJWKDWSRVLWLYHIDFLDO
H[SUHVVLRQVHOLFLWDSSURDFKLQWKHREVHUYHUZKLOHQHJDWLYHIDFLDOH[SUHVVLRQVGR
QRW &KHQ	%DUJK &KDSWHURI WKLV WKHVLV LV FRQFHUQHGZLWKDSSURDFK
DYRLGDQFHWHQGHQFLHVWRVRFLDOFXHVLQSV\FKRSDWK\'XULQJWKHSDUDGLJPHPSOR\HG
SDUWLFLSDQWVZLOOKDYHWRDSSURDFKDQGDYRLGGLIIHUHQWIDFLDOH[SUHVVLRQV KDSS\
DQJU\DQGVDGE\PRYLQJDMR\VWLFNWRZDUGVWKHVWLPXOXVRUDZD\IURPLW
,WVKRXOGEHFOHDUWKDWOHDUQLQJGHSHQGVRQPDQ\FRJQLWLYHSURFHVVHV,QWKLV
thesis I will investigate several stages of the above outlined cascade of learning-
UHODWHGSURFHVVHVFigure 1.1. is provided to give the reader a schematic overview of 
WKHSURFHVVHVDQGWKHLULQWHUUHODWLRQ,UHSUHVHQWVDSSURDFKDYRLGDQFHWHQGHQFLHV
WULJJHUHGE\DVWLPXOXVLQYHVWLJDWHLQFKDSWHU,,UHSUHVHQWVWKHSURFHVVZKHUH
a certain response has to be made following a stimuli by using the outcome 
LQIRUPDWLRQWRHYDOXDWHZKHWKHUDUHVSRQVHZDVFRUUHFWRULQFRUUHFWLHVWLPXOXV
3DJH_3DJH_ $LPDQG6FRSHRIWKLVWKHVLV0RGHOVDQG0HFKDQLVPVRI/HDUQLQJ
UHVSRQVHOHDUQLQJEDVHGRQUHLQIRUFHPHQWFKDSWHU,,,,9DUHSURFHVVHVUHODWHG
WRVWLPXOXVRXWFRPHOHDUQLQJ$VWLPXOXVDVVRFLDWHGZLWKDFHUWDLQRXWFRPHHOLFLWV
DQDQWLFLSDWLRQRIWKLVRXWFRPH&KDSWHU2XWFRPHH[SHFWDWLRQVDUHHYDOXDWHG
FRQVWDQWO\DQGHOLFLWDSUHGLFWLRQHUURULIWKHH[SHFWDWLRQLVQRWPHWE\WKHDFWXDO
RXWFRPH7KLVLQIRUPDWLRQLVXVHGWRDGMXVWERWKIXWXUHH[SHFWDWLRQVDQGEHKDYLRU
LQWKHFDVHZKHUHWKHDGMXVWPHQWLVSUHGLFWHGWROHDGWRDPDWFKEHWZHHQH[SHFWHG
DQGDFWXDORXWFRPH&KDSWHU,QBox 1.1.WKHUHDGHUFDQȴQGVKRUWGHVFULSWLRQV
RIWKHSDUDGLJPVXVHGWR LQYHVWLJDWHWKHVHSURFHVVHV%HKDYLRUDOPDQLIHVWDWLRQV
of reinforcement learning will be investigated in both stimulus-response and 
VWLPXOXVRXWFRPHOHDUQLQJ'XULQJVWLPXOXVRXWFRPHOHDUQLQJWDVNVWKHIRFXVLV
WKH)51DQGKRZLWLVXVHGWRDGMXVWEHKDYLRU'XULQJVWLPXOXVUHVSRQVHOHDUQLQJ
WKHIRFXV LVRQERWKUHVSRQVH(51DQG)51DQGWKHG\QDPLFVEHWZHHQWKHWZR
GXULQJ OHDUQLQJ $GGLWLRQDOO\ RWKHU SDUDGLJPV ZLOO EH XVHG WR LQYHVWLJDWH WKH
DQWLFLSDWLRQRIRXWFRPHVDQGDSSURDFKDYRLGDQFHWHQGHQFLHV
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Figure 1.1. Conceptual representation of processes related to affective outcome 
SURFHVVLQJ ,Q Box 1.1. descriptions of the paradigms used to investigate the 
SURFHVVHV,,9DUHSURYLGHG
Box 1.1. 2YHUYLHZRIWDVNVXVHGWRLQYHVWLJDWHDVSHFWVRIRXWFRPHSURFHVVLQJ
Task Description
Approach 
avoidance task 
&KDSWHU
6XEMHFWV VHH IDFLDO H[SUHVVLRQV KDSS\ DQJU\ QHXWUDO DQGKDYH WRSXVK WKHVH
away from or pull them towards themselves depending on the instruction by using 
D MR\VWLFN+HDOWK\VXEMHFWVDUHIRXQGWREHIDVWHU LQSXOOLQJKDSS\DQGSXVKLQJ
DQJU\IDFHVFRPSDUHGWRSXOOLQJDQJU\DQGSXVKLQJKDSS\IDFHV
Stimulus-
Response 
learning task 
&KDSWHU
6XEMHFWVDUHSUHVHQWHGZLWKVHYHUDOVWLPXOL)RUHDFKVWLPXOXVRQHRIWZRSRVVLEOH
UHVSRQVHVULJKWRUOHIWEXWWRQSUHVVKDVWREHPDGH:KLFKUHVSRQVHKDVWREH
OLQNHG WRZKLFKVWLPXOXVKDV WREH OHDUQHGEDVHGRQ WUDLODQGHUURU$IWHUHDFK
UHVSRQVHWKHVXEMHFWVUHFHLYHVIHHGEDFNDERXWWKHFRUUHFWQHVVRIWKHUHVSRQVH
Stimulus-
2XWFRPH
learning task 
&KDSWHUDQG

'XULQJWKLVWDVNVXEMHFWVOHDUQZKLFKRIWZRVWLPXOLLVDVVRFLDWHGZLWKDSRVLWLYH
RXWFRPHZLQDQGZKLFKZLWKDQHJDWLYHRXWFRPHORVV7DVNRIWKHVXEMHFWLVWR
predict the outcome after each stimulus presentation with a button press (win/
ORRVH$IWHULQGLFDWLQJWKHLUSUHGLFWLRQWKHDFWXDORXWFRPHLVSUHVHQWHG/HDUQLQJ
which stimulus leads to a reward and which to a punishment is achieved by 
PRQLWRULQJWKHVWLPXOXVRXWFRPHFRQWLQJHQFLHVWULDOHUURU
0RQHWDU\
,QFHQWLYH'HOD\
7DVN&KDSWHU
2QHDFKWUDLOVXEMHFWVDUHSUHVHQWHGZLWKDFXHLQGLFDWLQJZKHWKHUWKH\FDQZLQRU
FDQQRWZLQSRLQWVRQWKHXSFRPLQJWUDLO7KLVVKRXOGOHDGWRUHZDUGDQWLFLSDWLRQ
LQ WKH FDVH RI D ZLQFXH DQG QR UHZDUG DQWLFLSDWLRQ LQ FDVH RI D QRZLQFXH
1H[WDYLVXDOWDUJHW LVSUHVHQWHGDIWHUZKLFKVXEMHFWVKDYHWRSUHVVDEXWWRQLQ
DSUHGHȴQHG WLPHZLQGRZ ,I WKH UHVSRQVH LVPDGH LQ WLPH DQG WKH WUDLOZDVD
ZLQWUDLOWKH\HDUQSRLQWV,IWKH\ZHUHQRWRQWLPHRULQFDVHRIDQRZLQWUDLOQR
SRLQWVDUHDGGHG$IWHUHDFKUHVSRQVHVXEMHFWVVHHWKHRXWFRPHRIWKHWUDLODQG
WKHLUFXPXODWLYHSRLQWV
1.6. Aim and Scope of this thesis
$V RXWOLQHG DERYH SV\FKRSDWKLF LQGLYLGXDOV SUHVHQW ZLWK OHDUQLQJ SUREOHPV
UHȵHFWHGLQWKHLQFDSDFLW\WRȵH[LEO\DGDSWEHKDYLRU LQDFKDQJLQJHQYLURQPHQW
Understanding the mechanisms underlying persistent maladaptive behavior is not 
RQO\UHOHYDQWIRUUHȴQLQJH[LVWLQJPRGHOVRISV\FKRSDWK\EXWDOVRIRUWKHFOLQLFDO
IRUHQVLFH[SHUWLVHȴHOG$IWHUDOODPDMRUJRDORIWKHUDSHXWLFLQWHUYHQWLRQVLVWKDW
patients learn to control maladaptive behavioral tendencies and that they learn new 
DQGPRUHEHQHȴFLDOEHKDYLRUDWWKHVDPHWLPH7KHRYHUDOODLPRIWKLVWKHVLVLVWR
advance our insights into the forms and causes of decreased learning which might 
H[SODLQ WKH WUHDWPHQW UHVLVWDQFH RI SV\FKRSDWK\ LQ DGXOWV 'LIIHUHQW SDUDGLJPV
involving processes related to reinforcement learning and different techniques 
and approaches will be used to systematically assess aspects of learning that could 
3DJH_3DJH_ 5HIHUHQFHV$LPDQG6FRSHRIWKLVWKHVLV
FRQWULEXWHWRWKHOHDUQLQJGHȴFLWVLQSHUVRQVZLWKSV\FKRSDWK\
&KDSWHULVDVWXG\RIVRFLDODFWLRQWHQGHQFLHVDSSURDFKDYRLGDQFHEHKDYLRU
LQSV\FKRSDWK\,QWKLVFKDSWHUZHIRFXVRQDVSHFWVRIPRWLYDWLRQDOEHKDYLRUZKLFK
DUHDXWRPDWLFDOO\LQLWLDWHGZKHQFRQIURQWHGZLWKPRWLYDWLRQDOO\VDOLHQWVWLPXOL
&KDSWHU  LV DQ LQYHVWLJDWLRQ RI RXWFRPH DQWLFLSDWLRQ LQ SV\FKRSDWK\ 7KH
IRUPDWLRQRIDQRXWFRPHH[SHFWDQF\RUDQWLFLSDWLRQRIDQRXWFRPHLVDSUHUHTXLVLWH
for the above described reinforcement learning as it is needed for the comparison 
EHWZHHQ WKH H[SHFWHG DQWLFLSDWHG DQG DFWXDO RXWFRPH UHȵHFWHG LQ WKH (51
&KDSWHU LQYHVWLJDWHV WKHSURFHVVRIRXWFRPHDQWLFLSDWLRQE\PHDQVRI VWULDWDO
DFWLYLW\PHDVXUHGZLWKI05,
Chapter 4 is an investigation of the processing of the actual outcome and the 
FRPSDULVRQRIWKHDFWXDODQGH[SHFWHGRXWFRPHVDVLQGH[HGE\YDULDQWVRIWKH(51
GXULQJ D VWLPXOXVUHVSRQVH OHDUQLQJ SDUDGLJP XVLQJ UHLQIRUFHUV 7KH SDUDGLJP
allows us to separate learning based on deterministic feedback from learning 
EDVHGRQ LQFRQVLVWHQW IHHGEDFN ,QDGGLWLRQ WRSHUIRUPDQFHZHZLOO LQYHVWLJDWH
mechanisms underlying reinforcement learning by measuring the error-related 
QHJDWLYLW\DVDUHDFWLRQWRRQHȇVRZQUHVSRQVHDQGWRWKHIHHGEDFNJLYHQGXULQJWKH
WDVNDQGWKHG\QDPLFGHYHORSPHQWRIWKHWZROHDUQLQJSURFHVVHV
&KDSWHULVGHYRWHGWRWKHIHHGEDFNUHODWHGQHJDWLYLW\LQDVWLPXOXVRXWFRPH
OHDUQLQJ WDVN XVLQJ SULPDU\ RXWFRPHV IDFLDO H[SUHVVLRQV LQ KHDOWK\ FRQWUROV
+HUH ZH VKRZ HIIHFWV RI H[SHFWDQF\ DQG YDOHQFH RQ (51 DPSOLWXGHV IROORZLQJ
IDFLDORXWFRPHVLQDSDUDGLJPZKHUHERWKSRVLWLYHDQGQHJDWLYHH[SUHVVLRQVFDQ
VLJQDO WKH QHHG RI EHKDYLRUDO DGDSWDWLRQ )RUPHU VWXGLHV KDYH XVHG SDUDGLJPV
LQZKLFKRQO\QHJDWLYHRXWFRPHVVLJQDOHGWKHQHHGWRDGDSWUHVSRQGLQJWKHUHE\
FRQIRXQGLQJQHJDWLYHIHHGEDFNSURFHVVLQJZLWKEHKDYLRUDODGDSWDWLRQ
&KDSWHULQYHVWLJDWHVWKH)51LQSV\FKRSDWK\XVLQJWKHVDPHWDVNDVLQ&KDSWHU
 7KH WDVN LV GHVLJQHG WR GLVHQWDQJOH EHKDYLRUDO DGDSWDWLRQ EDVHG RQ SRVLWLYH
DQGQHJDWLYHRXWFRPHVLHSRVLWLYHDQGQHJDWLYHSUHGLFWLRQHUURUFRGLQJ:KLOH
FKDSWHUIRFXVHVRQVWLPXOXVUHVSRQVHOHDUQLQJWKLVFKDSWHULQYHVWLJDWHVVLPLODU
processes in stimulus-outcome learning where an outcome is independent of the 
UHVSRQVH
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Abstract
3V\FKRSDWK\ 33 LV DVVRFLDWHG ZLWK PDUNHG DEQRUPDOLWLHV LQ VRFLDO HPRWLRQDO
EHKDYLRU VXFK DV KLJK LQVWUXPHQWDO DJJUHVVLRQ ,$ $ FUXFLDO EXW ODUJHO\
ignored question is whether automatic social approach-avoidance tendencies 
PD\XQGHUOLH WKLV FRQGLWLRQ:H WHVWHGZKHWKHURIIHQGHUVZLWK33 VKRZ ODFNRI
DXWRPDWLFDYRLGDQFHWHQGHQFLHVXVXDOO\DFWLYDWHGZKHQKHDOWK\LQGLYLGXDOVDUH
FRQIURQWHG ZLWK VRFLDO WKUHDW VWLPXOL DQJU\ IDFHV :H DSSOLHG D FRPSXWHUL]HG
DSSURDFKDYRLGDQFH WDVN $$7ZKHUHSDUWLFLSDQWVSXVKHGRUSXOOHGSLFWXUHVRI
HPRWLRQDOIDFHVXVLQJDMR\VWLFNXSRQZKLFKWKHIDFHVGHFUHDVHGRULQFUHDVHGLQ
VL]H UHVSHFWLYHO\ )XUWKHUPRUH SDUWLFLSDQWV FRPSOHWHG DQ HPRWLRQ UHFRJQLWLRQ
WDVNZKLFKZDVXVHGWRFRQWUROIRUGLIIHUHQFHVLQUHFRJQLWLRQRIIDFLDOHPRWLRQV,Q
FRQWUDVWWRKHDOWK\FRQWUROV+&33SDWLHQWVVKRZHGWRWDODEVHQFHRIDYRLGDQFH
WHQGHQFLHV WRZDUGV DQJU\ IDFHV ,QWHUHVWLQJO\ WKRVH UHVSRQVHV ZHUH UHODWHG WR
OHYHOVRILQVWUXPHQWDODJJUHVVLRQDQGWKHLQDELOLW\WRH[SHULHQFHSHUVRQDOGLVWUHVV
3'7KHVHȴQGLQJVVXJJHVWWKDWVRFLDOSHUIRUPDQFHLQSV\FKRSDWKVLVGLVWXUEHGRQ
DEDVLFOHYHORIDXWRPDWLFDFWLRQWHQGHQFLHV7KHODFNRILPSOLFLWWKUHDWDYRLGDQFH
WHQGHQFLHVPD\XQGHUOLHWKHLUDJJUHVVLYHEHKDYLRU
2.1. Introduction
3V\FKRSDWK\ 33 IRUPV D VLJQLȴFDQW HPRWLRQDO DQG HFRQRPLF EXUGHQ IRU
VRFLHW\$OWKRXJK LW LV FKDUDFWHUL]HGE\ VHYHUHDEQRUPDOLWLHV LQ VRFLDOHPRWLRQDO
EHKDYLRUHJDQWLVRFLDOEHKDYLRUDJJUHVVLRQODFNRIJXLOWDQGUHPRUVHWKHH[DFW
mechanisms underlying this psychopathological pattern of behavior remain poorly 
XQGHUVWRRG 3V\FKRSDWKV W\SLFDOO\ VKRZ LQFUHDVHG LQVWUXPHQWDO DJJUHVVLYH
EHKDYLRU LQVRFLDOVLWXDWLRQV *OHQQ	5DLQH ,QVWUXPHQWDODJJUHVVLRQ ,$
LVYLHZHGDVSUHPHGLWDWHGFDOFXODWHGDQGJRDOGLUHFWHG$OWKRXJKWKLVEHKDYLRUDO
pattern may result from alterations in very basic social approach and avoidance 
WHQGHQFLHVQRVWXGLHVKDYHGLUHFWO\WHVWHGWKLVSUHPLVH
Social emotional behavior can be roughly divided into social approach and social 
DYRLGDQFH 'DYLGVRQ 6DURQ 6HQXOLV (NPDQ	 )ULHVHQ *UD\  /DQJ
%UDGOH\	&XWKEHUW7KHVHDFWLRQ WHQGHQFLHV LQYROYHDEDVLF UHVSRQVH WR
VWLPXOXVYDOHQFHDUHPHGLDWHGE\SULPDU\PRWLYDWLRQDOV\VWHPVRIWKHEUDLQDQG
DUHXQGHUO\LQJHYHU\FRPSOH[HPRWLRQDO UHVSRQGLQJ /DQJ%UDGOH\	&XWKEHUW
:KLOHDSSHWLWLYHVWLPXOLHOLFLWDSSURDFKWHQGHQFLHVQRQDSSHWLWLYHVWLPXOL
DFWLYDWH DYRLGDQFH WHQGHQFLHV &KHQ 	 %DUJK  5ROOV  HPSKDVL]HG
WKHLPSRUWDQFHRIIDFLDOH[SUHVVLRQVDVLQSXWIRUWKHVHV\VWHPVFRQYH\LQJVRFLDO
LQIRUPDWLRQ ,QGHHG RQ VRFLDO DSSURDFKDYRLGDQFH WDVNV $$7V KHDOWK\ SHRSOH
VKRZDJHQHUDOWHQGHQF\WRPRYHDZD\IURPDQJU\H[SUHVVLRQVDQGWRDSSURDFK
KDSS\IDFHV&KHQ	%DUJK/DQJHWDO0DUVK$PEDG\	.OHFN
5RHORIV0LQHOOL0DUVYDQ3HHU	7RQL9ROPDQ7RQL9HUKDJHQ	5RHORIV
 +RZHYHU VHYHUDO IRUPV RI SV\FKRSDWKRORJ\ KDYH EHHQ DVVRFLDWHG ZLWK
GLVWXUEHGVRFLDODSSURDFKDYRLGDQFHEHKDYLRU6RFLDOSKRELFVIRUH[DPSOHVKRZ
DGUDPDWLFLQFUHDVHLQDYRLGDQFHWHQGHQFLHVWRDQJU\IDFHVWLPXOL+HXHU5LQFN	
%HFNHU5RHORIVHWDO5RHORIVYDQ3HHUHWDO3V\FKRSDWK\RQ
WKHRWKHUKDQGLVDVVRFLDWHGZLWKORZOHYHOVRIIHDU/\NNHQLQFRPELQDWLRQ
ZLWK DEQRUPDO VRFLDO EHKDYLRU %ODLU 0LWFKHOO 	 %ODLU  /\NNHQ HYHQ
GHVFULEHVODFNRIIHDUDVDQHWLRORJLFDOIDFWRURISV\FKRSDWK\/RZIHDU+\SRWKHVLV
/\NNHQ %ODLU LQKLV YLROHQFH LQKLELWLRQPRGHO VXJJHVWV WKDW WKHDEVHQFH
of fear to distress cues of others contributes to the emergence of violence (Blair 
HWDO(PSLULFDOO\SDWLHQWVZLWKSV\FKRSDWK\ IRUH[DPSOH VKRZUHGXFHG
DXWRQRPLF UHDFWLRQV WR GLVWUHVV VWLPXOL %ODLU  +RXVH 	 0LOOLJDQ 
3DJH_3DJH_ ,QWURGXFWLRQ,QWURGXFWLRQ
GLVWXUEHGUHFRJQLWLRQRIIDFLDOHPRWLRQVVXFKDVIHDUDQGVDGQHVV%ODLUHWDO
+DVWLQJV7DQJQH\	6WXHZLJDQGDEQRUPDOULVNWDNLQJDQGPRUDOEHKDYLRU
%HFKDUD'DPDVLR	'DPDVLR%ODLU	&LSRORWWL%ODLU%ODLUHW
DO2QDQHXUDOOHYHOWKH\VKRZUHGXFHGDFWLYLW\LQOLPELFDQGIURQWDOEUDLQ
VWUXFWXUHV %LUEDXPHUHWDOZKLFKDUHFULWLFDO IRUDGHTXDWHUHJXODWLRQRI
VRFLDODSSURDFKDQGDYRLGDQFHEHKDYLRU%LUEDXPHUHWDO5RHORIV0LQHOOL
HW DO  9ROPDQ HW DO  ,Q WKH FRQWH[W RI WKHVH LQVLJKWV LQVWUXPHQWDO
DJJUHVVLRQ LQ SV\FKRSDWK\ PD\ EH H[SODLQHG E\ OLPLWHG DQG ELDVHG UHVSRQVH
repertoires such as lack of automatic avoidance or even automatic aggressive 
DSSURDFKEHKDYLRUWRWKUHDWVWLPXOLHJ&ULFN	'RGJH'RGJH	&ULFN
2URELRGH&DVWUR0HUN.RRSV9HHUPDQ	%RVFK+RZHYHUPRVWUHVHDUFK
on behavioral responses in psychopathy were based on questionnaires or were 
GLUHFWHGDWQRQDXWRPDWLFFRQWUROOHGEHKDYLRUZKHUHDVKXPDQEHKDYLRULVODUJHO\
driven by implicit and automatic action tendencies as shown by work from Bargh 
DQG&KDUWUDQG
7KHPDMRUDLPRIWKHSUHVHQWLQYHVWLJDWLRQZDVWRREMHFWLYHO\DVVHVVDXWRPDWLF
VRFLDO DSSURDFK DQG DYRLGDQFHEHKDYLRU LQ SDWLHQWVZLWKSV\FKRSDWK\ $ GLUHFW
objective way to measure social approach and avoidance behavior is by using 
reaction-time tasks in which participants either push emotional faces away 
RU SXOO WKH IDFHV WRZDUGV WKHP XSRQ ZKLFK WKH IDFHV GHFUHDVH RU LQFUHDVH LQ
VL]H UHVSHFWLYHO\ WKH ]RRPLQJ VRFLDO DSSURDFKDYRLGDQFH WDVN $$7 +HXHU HW
DO *HQHUDOO\ LQGLYLGXDOV DUH IDVWHUZKHQ WKHPRYHPHQW LV FRQJUXHQW WR
WKHLU DXWRPDWLF WHQGHQF\ WRDSSURDFKKDSS\ IDFHVDQG WRDYRLGDQJU\ IDFHV DV
compared to affect-incongruent conditions in which individuals have to override 
these automatic action tendencies and have to select a rule-driven response (push 
KDSS\ DZD\ DQG SXOO DQJU\ IDFHV WRZDUGV WKHP &KHQ	 %DUJK  5RHORIV
0LQHOOL HW DO 5RHORIV YDQ3HHU HW DO 5RWWHYHHO	3KDI :H
DSSOLHGWKH$$7ZLWKDQJU\KDSS\DQGQHXWUDOIDFHVWLPXOLLQPDOHYLROHQWRIIHQGHUV
GLDJQRVHGZLWK33DQGPDWFKHGKHDOWK\FRQWUROV +&WRWHVWZKHWKHUSUREOHPV
LQVRFLDOHPRWLRQDOUHVSRQGLQJDVVRFLDWHGZLWK33DUHPDQLIHVWHGDWDEDVLFOHYHO
RI DXWRPDWLF DFWLRQ WHQGHQFLHV 6R IDU SV\FKRSDWK\ UHVHDUFK KDV EHHQPDLQO\
IRFXVVHGRQSHUFHSWXDOSURFHVVLQJRI IHDUIXO IDFHV ,Q WKHSUHVHQW VWXG\ZHDUH
not interested in fear recognition but in the magnitude of actual fear behavior in 
UHVSRQVHGLUHFWVRFLDOWKUHDWVXFKDVFRPPXQLFDWHGE\DQJU\IDFHV8QOLNHIHDUIXO
IDFHVDQJU\IDFHVGLUHFWO\FRPPXQLFDWHVRFLDOFKDOOHQJHWRWKHREVHUYHU$GDPV-U
	.OHFN+HXHUHWDOWKHUHE\HOLFLWLQJIHDUUHODWHGDYRLGDQFHEHKDYLRU
LQKHDOWK\LQGLYLGXDOV0DUVKHWDO:LWKWKLVVHWXSZHWHVWHGWKHIROORZLQJ
K\SRWKHVHV33DVFRPSDUHGWR+&VKRZGLPLQLVKHGDYRLGDQFHRIVRFLDOWKUHDW
FXHVDQJU\IDFHV7KHDOWHUHGWKUHDWDYRLGDQFHWHQGHQFLHVLQ33DUHUHODWHGWR
LQVWUXPHQWDODJJUHVVLRQ)LQDOO\EHFDXVHDOWHUHGWKUHDWDYRLGDQFH LQ33PD\EH
LQȵXHQFHGE\$WKHDELOLW\WRUHFRJQL]HIDFLDOHPRWLRQVRUE\%WKHDPRXQWRI
SHUVRQDOGLVWUHVV3'UHVXOWLQJIURPREVHUYLQJDQRWKHUȇVQHJDWLYHH[SHULHQFHVLQ
VRFLDOLQWHUDFWLRQDQ[LHW\LQDWHQVHHPRWLRQDOVLWXDWLRQ%HYHQ2ȇ%ULHQ0DORQH
	+DOO'DYLVȂZHDGGLWLRQDOO\WHVWHGIRUDSRVVLEOHPRGXODWRU\UROHRI
WKHVHWZRIDFWRUV)XUWKHUPRUHWREHDEOHWRGLVWLQJXLVKDOWHUDWLRQVLQPRWLYDWLRQDO
SURFHVVHVIURPDOWHUDWLRQVLQJHQHUDOVWLPXOXVUHVSRQVHFRPSDWLELOLW\HIIHFWVZH
DSSOLHGWKHJD]HYDULDQWRIWKH]RRPLQJ$$75RHORIVHWDOZKHUHIDFHVDUH
SUHVHQWHGQRWRQO\ZLWKGLUHFWJD]HEXWDOVRZLWKDYHUWHGJD]H,QFRQWUDVWWRDQJU\
IDFHVZLWKGLUHFWJD]HDQJU\IDFHVZLWKDYHUWHGJD]HGRQRWGLUHFWO\FRPPXQLFDWH
WKUHDWWRWKHREVHUYHUDQGVHUYHDVDSUHIHUUHGFRQWUROVWLPXOXVLQWKDWWKH\H[SUHVV
WKHVDPHYDOHQFHEXWODFNWKHGLUHFWPRWLYDWLRQDOFRPSRQHQW5RHORIVHWDO
:HH[SHFWHGWKDWDOWHUDWLRQVLQDSSURDFKDYRLGDQFHWHQGHQFLHVWRDQJU\IDFHVLQ
33ZRXOGEHVSHFLȴFIRUIDFHVZLWKGLUHFWJD]HDQGQRWIRUWKRVHZLWKDYHUWHGJD]H
3DJH_3DJH_ 0HWKRGV0HWKRGV
Table 2.1. *URXS&KDUDFWHULVWLFVRILQGLYLGXDOVZLWK3V\FKRSDWK\33DQGKHDOWK\
FRQWUROVXEMHFWV+&PHDQYDOXHVDQGVWDQGDUGHUURUV
PP (N=17) HC (N=15) Statistic p-value 
(2-tailed)
Age   t  
,41/9   t  
IRI total   t  
,5,3'   t  
,5,)   t  
,5,37   t  
,5,(&   t  
3&/5WRWDO  - - -
3&/5)DFWRU  - - -
3&/5)DFWRU  - - -
534B,$ 
534B5$ 
3' 3HUVRQDO'LVWUHVV) )DQWDV\37 3HUVSHFWLYH7DNLQJ(& (PSDWKLF&RQFHUQ3&/5 
3V\FKRSDWK\&KHFNOLVW
2.2. Methods
2.2.1. Participants
:HUHFUXLWHGPDOHYLROHQWRIIHQGHUVEHWZHHQDQG\HDUVRIDJHM 
\USD   GLDJQRVHGZLWKDSV\FKRSDWK\ VFRUHRI Ȳ 6FK¸QEHUJHU 
DFFRUGLQJWRWKH3V\FKRSDWK\&KHFN/LVW5HYLVHG3&/5+DUHIURPWKHLQ
SDWLHQW SRSXODWLRQ RI D IRUHQVLF SV\FKLDWULF LQVWLWXWH LQ 7KH1HWKHUODQGV1 based 
RQDYDLODEOHLQIRUPDWLRQDERXWFOLQLFDOVWDWXVDQGSULRUKLVWRU\3&/5FRQVHQVXV
VFRUHVZHUHREWDLQHGE\WUDLQHGFOLQLFLDQVIROORZLQJWKHRɝFLDOSURFHGXUHRIXVLQJ
 7KH3RPSHVWLFKWLQJLVDȊ7%6FOLQLFȋORFDWHGLQ1LMPHJHQ7%6LVDGLVSRVDOWREHWUHDWHGRQ
behalf of the state for people who committed serious criminal offences in connection with 
KDYLQJDPHQWDOGLVRUGHU7%6LVQRWDSXQLVKPHQWEXWDQHQWUXVWPHQWDFWIRUPHQWDOO\
GLVRUGHUHGRIIHQGHUVGLPLQLVKHGUHVSRQVLELOLW\
LQWHUYLHZVDQGSDWLHQWȴOHLQIRUPDWLRQWRUHDFKDFRQVHQVXVVFRUH:HDVVHVVHG,4
OHYHOVXVLQJWKH'XWFKYHUVLRQRIWKH1DWLRQDO$GXOW5HDGLQJ7HVW)LIWHHQKHDOWK\
PDOH FRQWUROVPDWFKHG IRU DJHDQG ,4ZLWKRXW FULPLQDO UHFRUGVRU DKLVWRU\RI
SV\FKLDWULFGLVRUGHUVZHUHUHFUXLWHGE\DGYHUWLVHPHQWIRUJURXSFKDUDFWHULVWLFV
see Table 2.1. 3DUWLFLSDQWV LQ ERWK JURXSVZHUH FKHFNHG IRU GUXJXVH DQG IRU
medical/neurological history27KHUHZHUHQRGLIIHUHQFHVEHWZHHQWKHJURXSVRQ
,4DJHRUDQ\RIWKHVFRUHVRIWKH,QWHUSHUVRQDO5HDFWLYLW\,QGH[VHHTable 2.1. for 
FKDUDFWHULVWLFV
2.2.2. Tasks
Approach-Avoidance Task
6WLPXOLZHUH EODFNZKLWH SKRWRJUDSKV VL]HG  [  FP RI IDFLDO H[SUHVVLRQ
HLJKWDFWRUVIRXUPHQIRXUZRPHQVHOHFWHGIURP(NPDQDQG)ULHVHQDQG
IURP.DUROLQVND ,QVWLWXWHGDWDEDVHV /XQGTYLVW)O\NW	KPDQ)RUHDFK
DFWRUDQJU\KDSS\DQGQHXWUDOIDFLDOH[SUHVVLRQVZHUHXVHG(\HUHJLRQV5RHORIV
HWDOZHUHPRGLȴHGUHVXOWLQJLQDGLUHFWJD]HH[SUHVVLRQRULJLQDODQGWZR
YHUVLRQV ZLWK DYHUWHG JD]H ORRNLQJ OHIW DQG ULJKW UHVSHFWLYHO\ UHVXOWLQJ LQ 
VWLPXOLDFWRUVHPRWLRQVJD]HGLUHFWLRQV
,QVL[EORFNVSXVKKDSS\ȂSXOOQHXWUDOSXOOKDSS\ȂSXVKQHXWUDOSXVKQHXWUDOȂ
SXOO DQJU\ SXOO QHXWUDOȂSXVK DQJU\ SXOO KDSS\ȂSXVK DQJU\ SXVK KDSS\ȂSXOO
DQJU\ ZH SUHVHQWHG  H[SHULPHQWDO WULDOV LQ D VHPLUDQGRP RUGHU ZLWK WKH
restriction that no more than three of the same stimulus response combination 
ZHUHSUHVHQWHGVXFFHVVLYHO\(DFKEORFNZDVSUHFHGHGE\SUDFWLFHWULDOVLQWRWDO
SUDFWLFHWULDOV2UGHURIWKHEORFNVZDVFRXQWHUEDODQFHGDQGSDUWLFLSDQWVZHUH
JLYHQWKHSRVVLELOLW\WRWDNHDVKRUWEUHDNDIWHUHDFKEORFN
3LFWXUHV ZHUH SUHVHQWHG RQ D FRPSXWHU VFUHHQ ZLWK D UHVROXWLRQ RI 
[SL[HOV$ MR\VWLFNRI WKH W\SH/RJLWHFK$WWDFNZDVSODFHGEHWZHHQ WKH
SDUWLFLSDQWDQGWKHFRPSXWHUVFUHHQ3DUWLFLSDQWVZHUHSRVLWLRQHGLQVXFKDZD\
that by moving the joystick they either moved their arm towards or away from their 
([FOXVLRQFULWHULD$OFRKROXVHPRUHWKDQXQLWVGD\FDQQDELVXVHRURWKHULOOLFLWGUXJV
LQWKHZHHNSUHFHGLQJWKHH[SHULPHQWDOPHDVXUHDQGXVHRIDOFRKROZLWKLQKRIWKH
PHDVXUHPHQW3V\FKRWURSLFPHGLFDWLRQRWKHUWKDQR[D]HSDPGXULQJWKHGD\VEHIRUH
PHDVXUHPHQW8VHRIR[D]HSDPZLWKLQKRXUVEHIRUHPHDVXUHPHQW6PRNLQJZLWKLQ
 KRXUV EHIRUHPHDVXUHPHQW+LVWRU\ RI WUDXPD FDSLWLV YLVXDO DQG DXGLWLYH GLVRUGHUV
QHXURORJLFDOGLVRUGHUVȴUVWGHJUHHUHODWLYHZLWKDQ\UHOHYDQWQHXURORJLFDOGLVRUGHUV
3DJH_3DJH_ 0HWKRGV0HWKRGV
ERG\(DFKWULDOZDVVHOISDFHGSDUWLFLSDQWVKDGWRSUHVVWKHȴUHEXWWRQZKLOHWKH
MR\VWLFNZDVLQWKHUHVWLQJXSZDUGSRVLWLRQDQGWKHVFUHHQZDVEODQNWRKDYHD
SLFWXUHDSSHDULQWKHPLGGOHRIWKHVFUHHQ3DUWLFLSDQWVUHVSRQGHGE\SXVKLQJRU
pulling the joystick which resulted in the picture shrinking or respectively growing 
LQVL]HLQLWLDOVL]HDQGPLQLPDODQGPD[LPDOVL]HRIWKHVWLPXOLLQYLVXDOGHJUHHV
ZHUHrrrrDQGrrDQGGLVDSSHDUHGIURPWKHVFUHHQZKHQ
WKHPD[LPXPrMR\VWLFNȵH[ZDVUHDFKHG7KLV]RRPLQJYHUVLRQ5LQFN	%HFNHU
VKRZHGWREHSDUWLFXODUUHVLVWDQWWRSRVVLEOHFRJQLWLYHUHLQWHUSUHWDWLRQRI
DUPPRYHPHQWV LHSXVKLQJSXOOLQJXQDPELJXRXVO\PHDQDYRLGDQFHDSSURDFK
UHVSHFWLYHO\
$ SUDFWLFH SKDVH LQ ZKLFK SLFWXUHV GLG QRW GLVDSSHDU DIWHU DQ HUURQHRXV
UHVSRQVH DOORZLQJ SDUWLFLSDQWV WR SUDFWLFH XQWLO WKH UHVSRQVH ZDV FRUUHFW
SUHFHGHGWKHH[SHULPHQWDOSKDVHLQZKLFKQRIHHGEDFNZDVSURYLGHG3DUWLFLSDQWV
ZHUH LQVWUXFWHG WR UHVSRQG DV IDVW DQG DV DFFXUDWH DV SRVVLEOH $V DPHDVXUH
of approach and avoidance tendencies the reaction time to initiate the joystick 
PRYHPHQWZDVXVHG
Morphed facial emotion recognition task
7RFRQWURO IRUSRVVLEOHGLIIHUHQFH LQHPRWLRQUHFRJQLWLRQEHWZHHQWKHJURXSVD
IDFLDOHPRWLRQUHFRJQLWLRQWDVNZDVXVHG7KLVWDVNFRQVLVWVRIVL[EDVLFHPRWLRQDO
H[SUHVVLRQVIHDUDQJHUVDGQHVVKDSSLQHVVGLVJXVWVXUSULVHHDFKVKRZQLQ
GLIIHUHQWLQWHQVLWLHVHWFDQGQHXWUDOIDFHV6L[PRGHOVIURPWKH(NPDQ
DQG )ULHVHQ SLFWXUHGDWDEDVHZHUH FKRVHQ 6:3(0)02 --:) 7KLV
OHDGV WR D WRWDO RI  VWLPXOL 7KH WDVN UHTXLUHV WZR UHVSRQVHV RQH LQGLFDWLQJ
WKHWLPHQHHGHGWRLGHQWLI\WKHH[SUHVVLRQYLHZLQJWLPHDQGRQHLQGLFDWLQJWKH
HPRWLRQLGHQWLȴHG1RIHHGEDFNZDVJLYHQGXULQJWKHWDVN(DFKWULDOEHJDQZLWK
WKH SUHVHQWDWLRQ RI D IDFLDO H[SUHVVLRQ FP IRU DPD[LPXPRI PV
3DUWLFLSDQWVZHUH LQVWUXFWHG WRSUHVV WKH VSDFHEDU DV VRRQDV WKH\ NQHZZKDW
H[SUHVVLRQZDVVKRZQ ,I WKHVSDFHEDUZDVSUHVVHGRU WKHPD[LPXPVWLPXOXV
GXUDWLRQKDGEHHQUHDFKHGDUHVSRQVHVFUHHQZDVVKRZQRQZKLFKWKHVXEMHFW
VDZDOO H[SUHVVLRQVDQGD FRUUHVSRQGLQJQXPEHUZKLFKKDG WREHSUHVVHG LQ
RUGHUWRLQGLFDWHZKLFKHPRWLRQZDVVHHQ7KHUHZDVQRUHVSRQVHWLPHOLPLWIRU
WKH VHFRQG UHVSRQVH +HUH ZH RQO\ UHSRUW DFFXUDF\ IRU IXOO EORZQ H[SUHVVLRQV
HJLQWHQVLW\RIQHXWUDODQJU\DQGKDSS\IDFHVWKHPDMRULW\RIUHVXOWVRI
WKLVWDVNZLOOEHSXEOLVKHGHOVHZKHUHDVWKHSLFWXUHVXVHGLQWKH$$7ZHUHDOVRRI
LQWHQVLW\2QHZD\$129$VUHYHDOHGWKDWJURXSVGLGQRWGLIIHULQDFFXUDF\
RQQHXWUDOKDSS\DQGDQJU\ IXOOEORZQH[SUHVVLRQV DQJU\F p 
KDSS\F p QHXWUDOF p VHH
Table 2.2.
Table 2.2. 0HDQ QXPEHU RI FRUUHFW UHVSRQVHV VWDQGDUG HUURUV IRU IXOO EORZQ
KDSS\ DQJU\ DQG QHXWUDO H[SUHVVLRQ IRU LQGLYLGXDOV ZLWK SV\FKRSDWK\ 33 DQG
KHDOWK\FRQWUROVXEMHFWV+&
Facial expression PP (N=17) HC (N=15)
Angry  
Happy  
Neutral  
The Interpersonal Reactivity Index
7KH,QWHUSHUVRQDO5HDFWLYLW\,QGH[,5,'DYLVZDVFUHDWHGWRPHDVXUHIRXU
IDFWRUVUHODWHGWRHPSDWK\IDQWDV\SHUVSHFWLYHWDNLQJHPSDWKLFFRQFHUQSHUVRQDO
GLVWUHVV7KHSHUVRQDOGLVWUHVV3'VFDOHPHDVXUHVWKHNLQGRIIHHOLQJVDQ[LHW\HWF
WKDWUHVXOWIURPREVHUYLQJDQRWKHUȇVQHJDWLYHH[SHULHQFHVȆH[SHULHQFHGHPSDWK\ȇ
6LQFHWKH3'VFDOHKDVEHHQUHODWHGWRDJJUHVVLRQ%HYHQHWDO'DYLV
DQGKDVEHHQVKRZQWREHFUXFLDOIRUSURVRFLDOEHKDYLRU'HFHW\	/DPP
ZHZLOOIRFXVRQWKH3'VFDOHVHHTable 2.1. IRUPHDQVFRUHVLQHDFKJURXS3'RU
VHOIRULHQWHGDYHUVLYHHPRWLRQDOUHDFWLRQVVXFKDVDQ[LHW\ZRUU\DQGGLVFRPIRUW
WRVRPHRQHHOVHȇVHPRWLRQDOVWDWHFDQOHDGWRVHOIRULHQWHGHJRLVWLFUHDFWLRQV,Q
order to reduce these feelings an egoistic reaction would be to withdraw from the 
GLVWUHVVZKLFKOHDGVWRGHFUHDVHGOLNHOLKRRGRISURVRFLDOEHKDYLRU7LFH%UDWVODYVN\
	%DXPHLVWHU
Reactive-Proactive Questionnaire
7KHUHDFWLYHSURDFWLYHDJJUHVVLRQTXHVWLRQQDLUH5345DLQHHWDOLVDVHOI
report questionnaire designed to measures two forms of aggression: instrumental 
DJJUHVVLRQDQGUHDFWLYHDJJUHVVLRQ(DFKLWHPGHVFULEHVDQDVSHFWRIDJJUHVVLYH
EHKDYLRU3DUWLFLSDQWVKDYHWRLQGLFDWHKRZRIWHQWKH\KDYHDFWHGDFHUWDLQ
ZD\2QHVXPVFRUHIRUUHDFWLYH5$DQGRQHIRULQVWUXPHQWDODJJUHVVLRQ,$DUH
3DJH_3DJH_ %HKDYLRUDOUHVXOWV0HWKRGV
REWDLQHG,QWKLVVWXG\VFRUHVRISDWLHQWVN PHDQVFRUH,$ SD 
PHDQVFRUH5$ SD EXWQRWRIFRQWUROVDUHDYDLODEOHVHHTable 2.1.
2.2.3. Procedure
3DUWLFLSDQWV UHFHLYHG ZULWWHQ LQIRUPDWLRQ DERXW WKH H[SHULPHQW DQG VLJQHG DQ
LQIRUPHG FRQVHQW EHIRUH EHLQJ VFUHHQHG IRU SV\FKLDWULF H[FOXVLRQ FULWHULD by 
WUDLQHG SV\FKRORJLVWV XVLQJ WKH 6&,',, DQG0,1, 1H[W SDUWLFLSDQWV FRPSOHWHG
WKH,5,DQGWKH534$OOTXHVWLRQQDLUHVZHUHȴOOHGLQEHIRUHSDUWLFLSDQWVUHWXUQHG
for a second test session in which they performed the morphed facial emotions 
UHFRJQLWLRQWDVNWKHWZRYHUVLRQVRIWKH$$7GLUHFWDQGLQGLUHFWYHUVLRQDUHYHUVDO
OHDUQLQJ WDVN UHSRUWHGHOVHZKHUHDQG UHFHLYHGDȴQDQFLDO UHLPEXUVHPHQW7KH
ORFDO PHGLFDO HWKLFDO FRPPLWWHH Ȇ&RPPLVVLH 0HQVJHERQGHQ 2QGHU]RHNȇ UHJLRQ
$UQKHP1LMPHJHQDSSURYHGDOOSURFHGXUHV
2.2.4. Analyses
$$75HDFWLRQWLPH57RXWOLHUVZHUHȴOWHUHGXVLQJDPVFRQWUROV33
DQG!PVFRQWUROV33FXWRII57VZHUHORJWUDQVIRUPHGDV
QRQRUPDOGLVWULEXWLRQZDVIRXQG7KHPHDQRIWKHUHPDLQLQJ57VIRUWKH
FRUUHFWUHVSRQVHVZHUHFDOFXODWHGSHUFHOO>GHȴQHGE\*URXS(PRWLRQ0RYHPHQW
DQG*D]H@
7RWHVWZKHWKHU33VKRZDOWHUHGDYRLGDQFHRIVRFLDOWKUHDWFXHVSUHVHQWHGZLWK
GLUHFWJD]HZHFRQGXFWHGD5HSHDWHG0HDVXUHV$QDO\VHVRI9DULDQFHUP$129$
IRU WKH 57V IRU DQJU\ IDFHVZLWK*URXS 33 YHUVXV FRQWUROV DV EHWZHHQVXEMHFW
IDFWRUDQG*D]HGLUHFWYHUVXVDYHUWHGDQG0RYHPHQWSXOOYHUVXVSXVKDVZLWKLQ
VXEMHFWIDFWRUV7RFKHFNZKHWKHUWKHUHDUHQRVXFKȴQGLQJVIRUKDSS\DQGQHXWUDO
IDFHVVLPLODUDQDO\VHVZHUHUHSHDWHGIRUKDSS\DQGQHXWUDOIDFHV
6XEVHTXHQWO\$$7HIIHFW VFRUHVZHUH FDOFXODWHG IRUDQJU\ IDFHVSHU FHOO >FHOO
GHȴQHGE\*URXSDQG*D]H@E\VXEWUDFWLQJWKHLQGLYLGXDOORJWUDQVIRUPHGPHDQ
57V IRUSXOOPRYHPHQWV IRUPWKH LQGLYLGXDO ORJWUDQVIRUPHGPHDQ57V IRUSXVK
PRYHPHQWV1HJDWLYH$$7HIIHFWVFRUHV LQGLFDWHVWURQJHUDYRLGDQFHDQGSRVLWLYH
HIIHFWVFRUHV UHȵHFW VWURQJHU DSSURDFK WHQGHQFLHV HJ +HXHU HW DO :H
3V\FKLDWULF H[FOXVLRQ FULWHULD 'HSUHVVLYH 'LVRUGHU %LSRODU 'LVRUGHU 6FKL]RSKUHQLD
6FKL]RDIIHFWLYH 'LVRUGHU 6FKL]RSKUHQLIRUP 'LVRUGHU 'HOXVLRQDO DQG RWKHU 3V\FKRWLF
'LVRUGHUV6FKL]RLGRU6FKL]RW\SLFDO3'&XUUHQW$OFRKRODQG6XEVWDQFHLQWR[LFDWLRQȴUVW
GHJUHHUHODWLYHVZLWK'60,9D[LV,VFKL]RSKUHQLDRUVFKL]RSKUHQLIRUPGLVRUGHU
WHVWHGZKHWKHU $$7 HIIHFWVFRUHV IRU DQJU\ IDFHV UHȵHFWHG VLJQLȴFDQW DYRLGDQFH
WHQGHQFLHVLHZHUHVLJQLȴFDQWO\GLIIHUHQWIURP]HURE\FRQGXFWLQJVHSDUDWHRQH
sample tWHVWVRQHWDLOHGIRUWKH$$7HIIHFWVFRUHV
)XUWKHUPRUHWRLQYHVWLJDWHZKHWKHUSRVVLEOHGLIIHUHQFHLQHIIHFWVFRUHRQDQJU\
GLUHFWJD]HSLFWXUHVZHUHUHODWHGWR3&/5WRWDOVFRUHV3&/5IDFWRU3&/5IDFWRU
VFRUHVZHSHUIRUPHGFRUUHODWLRQV
 7R WHVW ZKHWKHU HYHQWXDO JURXS GLIIHUHQFHV LQ $$7 HIIHFWVVFRUHV ZRXOG EH
UHODWHGWRJURXSGLIIHUHQFHVLQIDFHUHFRJQLWLRQRU,4WKHVHIDFWRUVZHUHDGGHGDV
FRYDULDWHVWRWKHDERYHPHQWLRQHGUP$129$LQVHSDUDWHDQDO\VHV
)LQDOO\ZHLQYHVWLJDWHGZKHWKHULQVWUXPHQWDODJJUHVVLRQDQGHPSDWK\VFRUHV
FRQWULEXWHG XQLTXH YDULDQFH WR WKH $$7 HIIHFWVFRUHV IRU DQJU\ IDFHV LQ WKH 33
JURXS XVLQJ OLQHDU UHJUHVVLRQ DQDO\VLV ZLWK $$7 HIIHFWVFRUHV IRU DQJU\ GLUHFW
JD]HIDFHVDVGHSHQGHQWYDULDEOH:HZLOOLQFOXGHERWK,5,B3'VFRUHVDQG534B,$
VFRUHVWRJHWKHUDVSUHGLFWRUVIRUWKHDQDO\VHVRI33GDWD)RU+&ZHHQWHUHGRQO\
,5,3'VFRUHVZHUHDVSUHGLFWRUVDVZHGLGQRWKDYH534B,$VFRUHVIRUWKHKHDOWK\
FRQWUROV
2XUK\SRWKHVLVUHJDUGLQJHPSDWK\LVVSHFLȴFDOO\UHODWHGWRWKHSHUVRQDOGLVWUHVV
VFDOH+RZHYHUWKHHPSDWKLFFRQFHUQVFDOHKDVEHHQOLQNHGWRSV\FKRSDWKLFWUDLWV
6HDUD&DUGRVR1HXPDQQ5RLVHU0F&URU\	9LGLQJ7RHQVXUHWKHYDOLGLW\
of our measures we will on a side note report correlations between the empathic 
FRQFHUQVFDOHWKH3&/5VFRUHVDQGPRYHPHQWSDUDPHWHUVIRUDOOWKUHHHPRWLRQV
LQWKHGLUHFWJD]HFRQGLWLRQ
)RU DOO DQDO\VHV DOSKD ZDV VHW DW  (IIHFWVL]HV RI VLJQLȴFDQW UHVXOWV DUH
UHSRUWHGZLWKWKH&RKHQȇVd
2.3. Behavioral results 
2.3.1. AAT
0HDQ57VDUHSUHVHQWHGLQTable 2.3.33VDQG+&GLGQRWGLIIHUZLWKUHVSHFWWRHUURU
rates (overall t p DQGLQUHODWLRQWR(PRWLRQDOOp !RU
0RYHPHQWDOOp!*URXSVGLGDOVRQRWGLIIHUZLWKUHVSHFWWRRYHUDOO57F
 p 7KHUHZDVQRPDLQHIIHFWRI&RUUHFWQHVVRQ57F 
p QRUDQLQWHUDFWLRQHIIHFWVRI&RUUHFWQHVV*URXSZLWKUHVSHFWWR
57F p 
3DJH_3DJH_ %HKDYLRUDOUHVXOWV%HKDYLRUDOUHVXOWV
Table 2.3. 0HDQUHDFWLRQWLPHVVWDQGDUGHUURUVIRUSXOODQGSXVKFRQGLWLRQVIRU
FRQWUROSDUWLFLSDQWV+&DQGSV\FKRSDWKLFLQGLYLGXDOV33IRUHDFKHPRWLRQ
Direct gaze Averted gaze
PP 
(N=17)
HC 
(N=15)
PP 
(N=17)
HC 
(N=15)
Angry 3XOO    
3XVK    
Happy 3XOO    
3XVK    
Neutral 3XOO    
3XVK    
$Q UP $129$ IRU WKH 57V WR DQJU\ IDFHV UHVXOWHG LQ D VLJQLȴFDQW
*URXS*D]H0RYHPHQWLQWHUDFWLRQF p Ƒt &RKHQȇV
d    7KHUHZHUHQRRWKHU VLJQLȴFDQWPDLQRU LQWHUDFWLRQHIIHFWV DOOp > 
7RH[SORUHWKHWKUHHZD\LQWHUDFWLRQZHFRQGXFWHGVHSDUDWHDQDO\VHVIRU
WKH DYHUWHG DQG GLUHFW JD]H VWLPXOL $V H[SHFWHG WKHUHZHUH QR VLJQLȴFDQW $$7
effect-scores elicited by the averted gaze stimuli (F p Ƒt 
&RKHQȇVd EXWWKHUHZDVDVLJQLȴFDQW0RYHPHQW*URXSLQWHUDFWLRQIRU
the angry faces presented with direct gaze (F p Ƒt 
&RKHQȇVd :KHUHDV+&VKRZHGWKHH[SHFWHGVLJQLȴFDQW$$7HIIHFWVFRUHV
SXVKYHUVXVSXOOIRUWKHDQJU\IDFHVZLWKGLUHFWJD]Ht p 33
did not show this effect (t p VHHFigure 2.1.
)RU+& WKH$$7HIIHFWVFRUH IRU DQJU\GLUHFW JD]H IDFHVGLIIHUHG VLJQLȴFDQWO\
from zero (t p ZKLOHWKLVZDVQRWWUXHIRUDQJU\DYHUWHGJD]H
pictures (t p LQWKHVDPHJURXS)RUWKH33JURXSQRQHRI
WKHDQJU\IDFH$$7HIIHFWVFRUHVGLIIHUHGVLJQLȴFDQWO\ IURP]HUR VWUDLJKW t 
p DYHUWHGt p 7RJHWKHUWKHVHȴQGLQJVVKRZWKDW
ZKHUHDV+&GRVKRZWKHH[SHFWHGDYRLGDQFHWHQGHQFLHVWRZDUGVDQJU\IDFHV33
lack these avoidance tendencies towards social threat cues and even show a (non-
VLJQLȴFDQWWHQGHQF\WRDSSURDFKWKHP
6LPLODUJURXSDQDO\VHV IRUQHXWUDODQGKDSS\ IDFHVGLGQRW UHYHDO VLJQLȴFDQW
results (all p!
$$
7
HI
IH
FW
VF
RU
HV
 
LQ
LWL
DW
LR
Q
WLP
H
SX
VK

LQ
LWL
DW
LR
Q
WLP
H
SX
OO 



0






Straight gaze Averted gaze
3V\FKRSDWKV
Controls
Figure 2.1. /RJ WUDQVIRUPHG $$7 HIIHFWVFRUHV VWDQGDUG HUURUV IRU LQGLYLGXDOV
ZLWKSV\FKRSDWK\33GDUNJUH\DQGFRQWUROSDUWLFLSDQWV+&OLJKWJUH\RQDQJU\
IDFLDOH[SUHVVLRQVIRUSXOODSSURDFKDQGSXVKDYRLGFRQGLWLRQV
1H[W ZH FKHFNHG ZKHWKHU JURXS GLIIHUHQFHV LQ WKUHDW DYRLGDQFH WHQGHQFLHV
remained when accounting for individual differences in recognition accuracy (for 
IXOOEORZQDQJU\IDFLDOH[SUHVVLRQVE\DGGLQJWKHLQGLYLGXDODFFXUDF\UDWHVVHH
Table 2.2.DVDFRQWLQXRXVYDULDEOHFRYDULDWH-XGG	0F&OHOODQGLQWRWKH
DERYHPHQWLRQHGFULWLFDO*URXS0RYHPHQWUP$129$IRUDQJU\IDFHVZLWKGLUHFW
JD]H7KHUHZHUHQRVLJQLȴFDQWPDLQRULQWHUDFWLRQHIIHFWVIRUUHFRJQLWLRQDFFXUDF\
(all p!6LPLODUO\WKHHIIHFWVZHUHDOVRQRWH[SODLQHGE\,4DOOp!
2.3.2. Relation instrumental aggression and personal distress
A multiple regression analysis was conducted to determine if instrumental 
DJJUHVVLRQ 534B,$ DQG SHUVRQDO GLVWUHVV ,5,B3' FRQWULEXWHG XQLTXH YDULDQFH
WRWKHSUHGLFWLRQRI$$7HIIHFWVFRUHVIRUDQJU\GLUHFWJD]HIDFHVZLWKLQWKHJURXS
RI33$VLJQLȴFDQWPRGHOHPHUJHGF p DGMXVWHGR2 
(IIHFWVZHUHVLJQLȴFDQWIRUERWK534B,$ȕ pone-sided DQG,5,B3'ȕ 
pone-sided 
3DJH_3DJH_ 'LVFXVVLRQ%HKDYLRUDOUHVXOWV
AA
T 
ef
fe
ct
 s
co
re
s 
in
 m
s



0



0  10  20
3V\FKRSDWKV
RPQ_IA scores
Figure 2.2. &RUUHODWLRQEHWZHHQ$$7HIIHFWVFRUHVSXOOPLQXVSXVKPLOOLVHFRQ$GV
ORJWUDQVIRUPHG DQG WKH LQVWUXPHQWDO DJJUHVVLRQ VXEVFDOH RI WKH 534 IRU
SV\FKRSDWKLFLQGLYLGXDOV
6LPLODU DQDO\VHV ZLWK RQO\ ,5,B3' VFRUHV IRU WKH +& UHYHDOHG QR VLJQLȴFDQW
model (F p Figure 2.2. LOOXVWUDWHVWKDW33VFRULQJKLJKRQ
LQVWUXPHQWDODJJUHVVLRQVKRZGLPLQLVKHGDYRLGDQFHRIDQJU\GLUHFWJD]HSLFWXUHV
Figure 2.3. VKRZV WKDW 33 VFRULQJ ORZ RQ SHUVRQDO GLVWUHVV VKRZV GLPLQLVKHG
DYRLGDQFHRIDQJU\GLUHFWJD]HSLFWXUHVZKLOHWKRVH33VFRULQJKLJKVKRZVLPLODU
DYRLGDQFHDV+&4
4 Additional correlation analyses were performed on the empathic concern scale which 
KDVEHHQOLQNHGWRSV\FKRSDWK\EHIRUH5HVXOWVQRWFRUUHFWHGIRUPXOWLSOHFRPSDULVRQ
VKRZWKDWWKHHPSDWKLFFRQFHUQVFDOHLVUHODWHGWRWKH3&/5IDFWRUr p 
3&/5IDFWRUp 3&/5WRWDOp EXWQRWWRWKH$$7HIIHFWVFRUHp 
)XUWKHUPRUH WKH,5,3'DQG534B,$VFDOHVZHUHQRWFRUUHODWHGp  5HVXOWVDOVR
VKRZ WKDW WKHHIIHFW VFRUHZKLFK LV WKHGLIIHUHQFHEHWZHHQ WKHSXOO DQGSXVKGRQRW
FRUUHODWHZLWKWKH3&/5WRWDOIDFWRURUIDFWRUVFRUHDOOp!
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Healthy Controls
3V\FKRSDWKV
IRI_PD scores
Figure 2.3. &RUUHODWLRQEHWZHHQ$$7HIIHFWVFRUHVSXOOPLQXVSXVKPLOOLVHFRQGV
ORJWUDQVIRUPHGDQGWKHSHUVRQDOGLVWUHVV3'VXEVFDOHRIWKH,5,IRUSV\FKRSDWKLF
LQGLYLGXDOV33GDUNJUH\DQGFRQWUROSDUWLFLSDQWV+&OLJKWJUH\
2.4. Discussion
Aim of the present study was to directly and objectively assess mechanisms of social 
DSSURDFKDQGDYRLGDQFHEHKDYLRULQSV\FKRSDWK\7KUHHPDMRUȴQGLQJVHPHUJHG
IURP WKLV VWXG\ )LUVW 33 VKRZHGGLPLQLVKHGDYRLGDQFHRI DQJU\ IDFHV 6HFRQG
LPSDLUHGDYRLGDQFHRIVRFLDOWKUHDWZDVUHODWHGWRVSHFLȴFDVSHFWVRISV\FKRSDWK\
that are instrumental aggression and levels of personal distress measured by the 
,5, 7KH OHVV DYRLGDQFH WHQGHQFLHV LQGLYLGXDOV ZLWK SV\FKRSDWK\ KDYH WRZDUGV
DQJU\ IDFHV WKH KLJKHU WKH OHYHOV RI LQVWUXPHQWDO DJJUHVVLRQ )LQDOO\ WKLV HIIHFW
ZDVUHODWHGWRWKHDELOLW\WRH[SHULHQFHIHHOLQJVRIGLVFRPIRUWHJDQ[LHW\ZKHQ
REVHUYLQJ DQRWKHUȇV QHJDWLYH H[SHULHQFHV 7KHVH ȴQGLQJV DQG WKHLU LPSOLFDWLRQV
ZLOOEHGLVFXVVHGEHORZ
7KH SUHVHQW VWXG\ LV WKH ȴUVW WR VKRZ WKDW YLROHQW RIIHQGHUV GLDJQRVHGZLWK
33 VKRZD ODFNRI VRFLDO WKUHDW DYRLGDQFH WHQGHQFLHV1RUPDOO\ DQ DQJU\ IDFLDO
H[SUHVVLRQ IXQFWLRQV DV D WKUHDW VLJQDO FRQYH\LQJ DJJUHVVLRQ E\ WKH H[SUHVVHU
%ODLU  DQG XVXDOO\ HOLFLW SHUVRQDO GLVWUHVV LH IHDU LQ WKH REVHUYHU ,Q
WHUPVRIPRGHOVVXJJHVWLQJORZIHDUUHDFWLYLW\ LQSV\FKRSDWK\%ODLUHWDO
/\NNHQRQHZRXOGH[SHFWWKDWWKUHDWVLJQDOVHOLFLW ORZHUIHDUUHVSRQVHVLQ
SV\FKRSDWK\2QHWKHRU\ZKLFKVXJJHVWVWKDWFHUWDLQHPRWLRQDOGLVSOD\VRIRWKHUV
3DJH_3DJH_ 'LVFXVVLRQ'LVFXVVLRQ
GR QRW LQKLELW DJJUHVVLYH EHKDYLRU LV WKH YLROHQFH LQKLELWLRQPRGHO %ODLU HW DO
$OWKRXJKWKHWKHRU\GHVFULEHVUHDFWLYLW\WRIHDUIXODQGVDGH[SUHVVLRQVRI
RWKHUVWKHEDVLF LGHDFDQEHH[WHQGHGWRUHDFWLYLW\WRZDUGVDQJU\H[SUHVVLRQ$
WKUHDWFXHVKRXOGHOLFLWGLVWUHVVLHIHDULQWKHREVHUYHUZKLFKZRXOGLQWXUQOHDG
WRDYRLGDQFHRIWKHH[SUHVVHUDQGWKHUHE\PLQLPL]HWKHFKDQFHIRUDQDJJUHVVLYH
LQWHUDFWLRQ 5RHORIV 0LQHOOL HW DO  ,W PLJKW WKXV QRW RQO\ EH D UHGXFHG
UHDFWLYLW\WRRWKHUVȇIHDUIXOH[SUHVVLRQWKDWOHDGVWRKHLJKWHQHGDJJUHVVLRQEXWDOVR
absence of fear in response to threat in the psychopathic individual itself which 
UHVXOWVLQUHGXFHGLQKLELWLRQRIDJJUHVVLRQ7KHDEVHQFHRIIHDUUHDFWLYLW\LVDFHQWUDO
GHȴFLW LQ33OHDGLQJWRGHFUHDVHGVRFLDOL]DWLRQDQGLQFUHDVHGDQWLVRFLDOEHKDYLRU
GXHWRGLPLQLVKHGDYHUVLYHDURXVDOE\SXQLVKPHQW,QGHHG33VWKUHDWDYRLGDQFH
UDWHVZHUHQHJDWLYHO\FRUUHODWHGWRLQVWUXPHQWDODJJUHVVLRQUDWHVVXJJHVWLQJWKDW
those psychopaths who show the lowest avoidance tendencies have the highest 
LQVWUXPHQWDODJJUHVVLRQVFRUHV%DVHGRQWKHVHȴQGLQJVZHSURSRVHWKHODFNRI
DXWRPDWLF WKUHDWDYRLGDQFH WHQGHQFLHV LQ33PD\EHDWKHDUWRI WKHDJJUHVVLRQ
V\PSWRPV LQ 33 7KLV LQWHUSUHWDWLRQ ȴWV ZLWK WKH VRFLDO LQIRUPDWLRQSURFHVVLQJ
PRGHO ZKLFK SUHGLFWV WKDW WKH SUHVHQFH RI DEQRUPDO UHVSRQVH UHSHUWRLUHV LQ
highly instrumental aggressive individuals may be related to altered information 
SURFHVVLQJ&ULFN	'RGJH'RGJH	&ULFN7KHSUHVHQWUHVXOWVDUHD
ȴUVWLQGLFDWLRQWKDWDOWHUHGLQIRUPDWLRQSURFHVVLQJPD\EHPDQLIHVWHGLQDOWHUHG
PRWLYDWLRQDOSURFHVVLQJLHDFWLRQWHQGHQFLHVWKDWDUHDXWRPDWLFDOO\DFWLYDWHGE\
HPRWLRQDOVWLPXOLUDWKHUWKDQSHUFHSWXDODVSHFWVSHUVH7KLVH[WHQVLRQDOVRȴWVWKH
behavioral account of instrumental aggression proposing that it is characterized by 
SHUVRQDOJRDOGLUHFWHGQHVV1RWEHLQJLQKLELWHGE\SHUVRQDOGLVWUHVVVXFKDVIHDU
RUVDGQHVV WRWKHWKUHDWVLJQDOVRIRWKHUVZRXOGIDFLOLWDWHWKHYLRODWLRQRIVRFLDO
QRUPVE\WKHDJJUHVVRUZKLOHDWWKHVDPHWLPHPDNLQJLWHDVLHUIRUWKHDJJUHVVRU
WR DFFRPSOLVKLQJ SHUVRQDO JRDOV 7KXV DOWKRXJK LQVWUXPHQWDO DJJUHVVLRQ LV
E\ GHȴQLWLRQ FDOFXODWHG DQG JRDOGLUHFWHG VXJJHVWLYH RI FRXQWLQJ RQ FRQVFLRXV
PHFKDQLVPVWKHSUHVHQWVWXG\VKRZVWKDWEDVLFDXWRPDWLFSURFHVVHVSOD\SDUWDV
ZHOO
7KHJURXSGLIIHUHQFHV LQ WKUHDWDYRLGDQFHWHQGHQFLHVFRXOGQRWEHH[SODLQHG
E\GLPLQLVKHGUHFRJQLWLRQRIDQJU\H[SUHVVLRQVRUE\JURXSGLIIHUHQFHVLQ,47KH\
ZHUH VSHFLȴF IRU DQJU\ IDFHV DQG QRW IRU QHXWUDO RU KDSS\ DQG HPHUJHG RQO\
for those angry face stimuli where the anger was directly communicated to the 
SDUWLFLSDQWGLUHFWJD]HLQGLFDWLQJWKDWRXUȴQGLQJVDUHGXHWRVSHFLȴFH[SUHVVHU
driven motivational changes and not to changes in stimulus-response-compatibility 
HIIHFWV SHU VHH 3UHYLRXV LQYHVWLJDWLRQV DOUHDG\ LQGLFDWHG WKDW DQJU\ IDFHV ZLWK
DYHUWHGJD]HGRQRWHOLFLWDSSURDFKDYRLGDQFHWHQGHQFLHV5RHORIVHWDO:H
EHOLHYHWKDWWKHDYHUWHGJD]HIDFHVDUHXVHIXOFRQWUROVWLPXOLEHFDXVHWKHH[SUHVVHG
YDOHQFHLVNHSWFRQVWDQWDQGRQO\WKHPRWLYDWLRQDODVSHFWVDUHPDQLSXODWHG
2XU ȴQGLQJV VXJJHVW WKDW DOWHUDWLRQV LQ VRFLDO PRWLYDWLRQDO EHKDYLRU LQ 33
DUHPDQLIHVWHGRQDEDVLFOHYHORIDXWRPDWLFDFWLRQWHQGHQFLHV7KRVHDSSURDFK
DYRLGDQFHDFWLRQ WHQGHQFLHV DUH LPPHGLDWHO\ DFWLYDWHGXSRQH[SRVXUH WR VRFLDO
threat stimuli and are likely mediated by direct connections between the amygdala 
DQG EUDLQVWHP VWUXFWXUHV DV WKH SHULDTXDGXFWDO JUD\ HJ $SSOHJDWH .DSS
8QGHUZRRG	0F1DOO7KHIDFWWKDWWKHEHKDYLRUDODOWHUDWLRQVPD\EHSUHVHQW
LQ VXFK EDVLF OHYHOV RI HPRWLRQ SURFHVVHVPD\ KHOS WR H[SODLQ WKH SHUVLVWHQFH
RI33DQGPD\KDYH LPSOLFDWLRQ IRU LWV WUHDWPHQW7KHUDSHXWLF LQWHUYHQWLRQVDUH
XVXDOO\DLPHGDWFKDQJLQJH[SOLFLWDQGFRQWUROOHGEHKDYLRU:RQJ	+DUH
2XUȴQGLQJV LQGLFDWH WKDW LQWHUYHQWLRQV IRFXVVLQJRQ FKDQJLQJDXWRPDWLFDFWLRQ
WHQGHQFLHV PD\ EH IUXLWIXO DV ZHOO 6XFK WHFKQLTXHV ZKHUHE\ SDUWLFLSDQWV DUH
WUDLQHGWRDSSURDFKRUDYRLGIHE\SXOOLQJRUSXVKLQJDMR\VWLFNKDYHEHHQSURYHQ
WREHVXFFHVVIXOLQWKHGRPDLQRIDGGLFWLRQ:LHUV5LQFN.RUGWV+RXEHQ	6WUDFN
 DQG VWHUHRW\SLQJ EHKDYLRU .DZDNDPL 'RYLGLR0ROO +HUPVHQ 	 5XVVLQ
 .DZDNDPL 3KLOOV 6WHHOH 	 'RYLGLR  $SDUW IURP VXFK DSSOLFDWLRQV
RXUȴQGLQJVUDLVHWKHTXHVWLRQVZKHWKHUVXFFHVVIXODJJUHVVLRQWUHDWPHQWLQ33
results in altered action tendencies and whether such changes in automatic action 
WHQGHQFLHVDUHSUHGLFWLYHRIFULPLQDOUHFLGLYLVP
)LQDOO\ LW LV LQWHUHVWLQJ WR UHODWH RXU FXUUHQW UHVXOWV WR ȴQGLQJV IURP UHFHQW
QHXURLPDJLQJ UHVHDUFK VKRZLQJ WKDW FRQWURO RI VRFLDO DSSURDFKDYRLGDQFH
tendencies depends on amygdala-frontal circuits that have also been implied 
LQ33 %LUEDXPHUHWDO5RHORIV0LQHOOLHWDO9ROPDQHWDO
,QWHUHVWLQJO\ HQGRJHQRXV WHVWRVWHURQH OHYHOVPRGXODWH DFWLYLW\ LQ WKHVH FLUFXLWV
GXULQJSHUIRUPDQFHRIWKH$$7LQKHDOWK\PDOHV9ROPDQHWDOUDLVLQJWKH
question whether alterations in basal or reactive testosterone levels associated 
ZLWK33DQGZLWKDJJUHVVLRQ 1HOVRQ	7UDLQRU6W§OHQKHLP(ULNVVRQ YRQ
3DJH_3DJH_ 5HIHUHQFHV
.QRUULQJ	:LGHPD\EHUHODWHGWRDOWHUDWLRQVLQ$$7SHUIRUPDQFH
Some limitations of the present study should be taken into account when 
LQWHUSUHWLQJWKHȴQGLQJV1RGLIIHUHQFHLQ,5,VFRUHVZHUHIRXQGEHWZHHQWKHWZR
JURXSVDQG,5,(&VFDOHGLGQRWFRUUHODWHZLWK3&/5IDFWRUVFRUHV7KLVFRXOGEH
GXHWRDOLPLWHGVDPSOHVL]H)XUWKHUPRUHHYHQWKRXJKWKH'XWFKYHUVLRQRIWKH
,5,KDVEHHQYDOLGDWHG'H&RUWHHWDOLWGLGQRWFRYHUWKHFRQFHSWHPSDWK\
H[WHQVLYHO\ WKHUHE\ SRVVLEOHZHDNQHVVHV DUH QRW IXOO\ H[SORUHG \HW:H XVHG D
UHODWLYHO\ VPDOO EXW KRPRJHQHRXV LQ WHUPV RI FRPRUELGLW\ PHGLFDWLRQ XVH
WKHUDSHXWLFFRQWH[WHWFJURXSRIYLROHQWRIIHQGHUVZLWKSV\FKRSDWK\2QHVKRXOG
EH FDUHIXO ZLWK JHQHUDOL]LQJ WKH UHVXOWV WR WKH EURDG FRQFHSW RI SV\FKRSDWK\
DV ZH KDYH VKRZQ WKDW LW LV UHODWHG WR VSHFLȴF DVSHFWV RI SV\FKRSDWK\ )XWXUH
LQYHVWLJDWLRQVVKRXOGFRQVLGHUUHODWLQJWKLVȴQGLQJWRPRUHGLPHQVLRQDODSSURDFKHV
RI SV\FKRSDWK\ HJ WKH 7ULDUFKLF &RQFHSWXDOL]DWLRQ RI 3V\FKRSDWK\ 3DWULFN
)RZOHV 	 .UXHJHU  $JJUHVVLRQ VFRUHV ZHUH QRW DYDLODEOH IRU WKH FRQWURO
JURXSDQGZHUHRQO\DYDLODEOHIRURIWKH33V$JJUHVVLRQZDVPHDVXUHGXVLQJ
VHOIUHSRUWTXHVWLRQQDLUHV'XHWRWKHVPDOOVDPSOHVL]HWKHFRUUHODWLRQEHWZHHQ
UHDFWLRQ $$7 HIIHFW DQG DJJUHVVLRQ VKRXOG EH LQWHUSUHWHG DV SUHOLPLQDU\ XQWLO
UHSOLFDWHG)XWXUHLQYHVWLJDWLRQVVKRXOGDLPDWXVLQJPRUHREMHFWLYHPHDVXUHVLQ
ODUJHUVDPSOHV)XUWKHUPRUHDQLPSRUWDQWTXHVWLRQIURPDFOLQLFDOSRLQWRIYLHZLV
how this behavior relates to recidivism which can only be studied with longitudinal 
VWXGLHV )LQDOO\ WKH UHVSRQVH PRGXODWLRQ K\SRWKHVLV 1HZPDQ  VXJJHVWV
WKDWLQGLYLGXDOVZLWK33KDYHDVSHFLȴFLPSDLUPHQWLQXVLQJSHULSKHUDOLQIRUPDWLRQ
WRFRQWUROEHKDYLRU$OWKRXJKQRWWHVWHGKHUHLWZRXOGEHRILQWHUHVWWRWHVWKRZ
WKHVHEHKDYLRUDOHIIHFWVDUHDIIHFWHGE\SHULSKHUDOLQIRUPDWLRQ
,QFRQFOXVLRQWKHSUHVHQWVWXG\LVWKHȴUVWWRVKRZLPSDLUPHQWVLQDYRLGDQFH
RIVRFLDOWKUHDWFXHVLQUHODWLRQWRVSHFLȴFDVSHFWVRISV\FKRSDWK\XVLQJDGLUHFW
REMHFWLYH PHDVXUH 9LROHQW RIIHQGHUV GLDJQRVHG ZLWK SV\FKRSDWK\ VKRZHG
VLJQLȴFDQWO\ GLPLQLVKHG DYRLGDQFH RI DQJU\ IDFHV ZKLFK ZDV LQ WXUQ UHODWHG WR
OHYHOVRILQVWUXPHQWDODJJUHVVLRQ7KHȴQGLQJVKRZVWKDWDOWHUDWLRQVLQPRWLYDWLRQDO
EHKDYLRU LQ 33 DUHPDQLIHVWHG RQ D EDVLF OHYHO RI DXWRPDWLF DFWLRQ WHQGHQFLHV
ZKLFKPD\LQWXUQH[SODLQWKHSHUVLVWHQFHRI33DQGFDOOVIRULQWHUYHQWLRQVGLUHFWHG
DWWUDLQLQJDXWRPDWLFDFWLRQVWHQGHQFLHV
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Abstract
3V\FKRSDWKLF WUDLWV KDYH EHHQ DVVRFLDWHG ZLWK HQKDQFHG UHZDUG SURFHVVLQJ
6SHFLȴFDOO\ WZRUHFHQWQHXURLPDJLQJVWXGLHV UHYHDOHGHQKDQFHG%2/'VLJQDO LQ
WKHYHQWUDOVWULDWXPGXULQJUHZDUGDQWLFLSDWLRQ LQQRQFOLQLFDO DQGQRQFULPLQDO
samples with high psychopathic traits (measured with the psychopathic personality 
LQYHQWRU\>33,@%MRUN&KHQ	+RPPHU%XFNKROW]HWDO:HDLPHG
WR H[WHQG WKHVH UHVXOWV WR FOLQLFDO VDPSOHV RI FULPLQDO SV\FKRSDWKLF RIIHQGHUV
GLDJQRVHGZLWKWKHSV\FKRSDWK\FKHFNOLVWUHYLVHG>3&/@
7R WKLV HQGZH VFDQQHG  FULPLQDO RIIHQGHUVZLWK SV\FKRSDWK\  FRQWURO
VXEMHFWVZLWKORZSV\FKRSDWKLFWUDLW33,VFRUHVDQGFRQWUROVXEMHFWVZLWKKLJK
33,VFRUHV7KHSDWLHQWVKDG3&/5VFRUHV!EXW33,VFRUHVWKDWZHUHHTXDOWR
WKRVHRIWKHKLJK33,FRQWUROJURXS$OOVXEMHFWVXQGHUZHQWI05,ZKLOHSHUIRUPLQJ
DPRQHWDU\LQFHQWLYHGHOD\WDVNNQRZQWRHOLFLWDQLQFUHDVHLQ%2/'VLJQDOLQWKH
YHQWUDOVWULDWXP%MRUNHWDO.QXWVRQ:HVWGRUS.DLVHU	+RPPHU
5HVXOWVFRQFXUUHGZLWKWKHHDUOLHUȴQGLQJVDQGUHYHDOHGHQKDQFHG%2/'VLJQDO
LQWKHYHQWUDOVWULDWXPGXULQJUHZDUGDQWLFLSDWLRQLQWKHKLJK33,FRQWUROVXEMHFWV
UHODWLYHWRWKHORZ33,FRQWUROVXEMHFWV&ULWLFDOO\3&/5GHȴQHGFULPLQDORIIHQGHUV
H[KLELWHGHQKDQFHG%2/'VLJQDOLQWKHYHQWUDOVWULDWXPWRWKHVDPHGHJUHHDVGLG
WKHKLJK33, FRQWURO JURXS 7KXV WKHUHZDVQRGLIIHUHQFHEHWZHHQ WKH FULPLQDO
RIIHQGHUVDQGWKHKLJK33,FRQWUROJURXSLQWHUPVRIUHZDUGUHODWHGVLJQDOLQWKH
YHQWUDOVWULDWXP+RZHYHU LPSRUWDQWGLIIHUHQFHVEHWZHHQWKHQRQFULPLQDOKLJK
33, FRQWURO VXEMHFWV DQG WKH FULPLQDO RIIHQGHUV ZHUH UHYHDOHG E\ VXEVHTXHQW
SV\FKRSK\VLRORJLFDO LQWHUDFWLRQ DQDO\VHV 7KHUH ZDV H[FHVVLYH IXQFWLRQDO
connectivity between the ventral striatum and a region in the medial prefrontal 
FRUWH[LQ3&/5GHȴQHGSV\FKRSDWKVUHODWLYHWRWKHKLJK33,FRQWUROJURXS
7KHVH GDWD GHPRQVWUDWH WKDW HQKDQFHG SURFHVVLQJ RI UHZDUG LQ WKH YHQWUDO
VWULDWXPJHQHUDOL]HVIURPVXEFOLQLFDOWRFOLQLFDOSV\FKRSDWKLFVDPSOHV&ULWLFDOO\
KRZHYHUGLIIHUHQFHVEHWZHHQFULPLQDODQGQRQFULPLQDOSV\FKRSDWK\PD\UHȵHFW
differential transfer of aberrant reward signalling in the ventral striatum to medial 
IURQWDOUHJLRQVRIWKHEUDLQWKDWFRQWUROGHFLVLRQPDNLQJ
3.1. Introduction
3V\FKRSDWK\LVDSHUVRQDOLW\GLVRUGHUFharacterized by a socially deviant lifestyle 
RQWKHRQHKDQGLQFOXGLQJSRRUEHKDYLRUDOFRQWUROLPSXOVLYHDQWLVRFLDOEHKDYLRU
DQG DJJUHVVLYH QDUFLVVLVPRQ WKH RWKHU KDQG LQFOXGLQJPDQLSXODWLYH VXSHUȴFLDO
LQWHUSHUVRQDOVW\OHODFNRIUHPRUVHDQGJXLOWDQGVKDOORZDIIHFW+DUH$ODUJH
ERG\RIOLWHUDWXUHKDVHPSKDVL]HGGHȴFLWVLQDIIHFWLYHSURFHVVLQJHJ%ODLUHWDO
3DWULFN%UDGOH\	/DQJLQFOXGLQJUHLQIRUFHPHQWEDVHGOHDUQLQJHJ
%XGKDQL5LFKHOO	%ODLU)LQJHUHWDO1HZPDQ3DWWHUVRQ+RZODQG
	1LFKROVYRQ%RUULHVHWDO(DUO\UHVHDUFKKDVHPSKDVL]HGGHȴFLWV
UHODWHG WR SURFHVVLQJ RI SXQLVKPHQW LQIRUPDWLRQ /\NNHQ  $GGLWLRQDOO\
more recent studies suggest that psychopathy is also accompanied by aberrant 
UHZDUGSURFHVVLQJ$UQHWW6PLWK	1HZPDQ%MRUN&KHQ	+RPPHU
%ODLU HW DO  %XFNKROW] HW DO  1HZPDQ HW DO  3XMDUD0RW]NLQ
1HZPDQ.LHKO	.RHQLJVDQRWLRQWKDW LVYHU\PXFKLQ OLQHZLWKFOLQLFDO
REVHUYDWLRQV 3V\FKRSDWKLF LQGLYLGXDOV VKRZ JRDOGLUHFWHG VHOIUHZDUGLQJ DQG
UXWKOHVVEHKDYLRUDFFRPSDQLHGE\DODFNRIUHPRUVHRUJXLOWIRUGDPDJLQJRWKHUV
LQWKHDFW8QGHUVWDQGLQJWKHUROHRIUHZDUGDQGXQGHUO\LQJQHXUDOPHFKDQLVPV
DUHFUXFLDO IRU IXOO\XQGHUVWDQGLQJDQG WUHDWLQJ WKHEHKDYLRURIFOLQLFDO FULPLQDO
SDWLHQWV ZLWK SV\FKRSDWK\ 7KH DLP RI WKLV VWXG\ LV WR LQYHVWLJDWH WKH QHXUDO
mechanism underlying reward anticipation in clinical and criminal psychopaths by 
PHDQVRIIXQFWLRQDOPDJQHWLFUHVRQDQFHLPDJLQJI05,
(DUO\ PRGHOV ORZ IHDU K\SRWKHVLV /\NNHQ  VHOHFWLYHO\ IRFXVHG RQ
LPSDLUPHQWV LQ UHVSRQVH WR SXQLVKPHQW $UQHWW  EXLOGLQJ RQ *UD\ȇV
SHUVRQDOLW\WKHRU\*UD\KDVVXJJHVWHGWKDWSV\FKRSDWKLFLQGLYLGXDOVSUHVHQW
ZLWKDZHDNEHKDYLRUDO LQKLELWLRQV\VWHP OHDGLQJ WR LQVHQVLWLYLW\ WRSXQLVKPHQW
DQGDVWURQJEHKDYLRUDODFWLYDWLRQV\VWHPOHDGLQJWRK\SHUVHQVLWLYLW\WRUHZDUG$OO
RWKHUPRUHUHFHQWPRGHOVDOVRLQFRUSRUDWHDUROHIRUUHZDUGDOWKRXJKHPSLULFDO
HYLGHQFHLVOLPLWHG
(DUO\QHXURFRJQLWLYHHYLGHQFHIRUWKHLPSRUWDQFHRIUHZDUGLQLQGLYLGXDOVZLWK
psychopathy comes from studies showing that aberrant responses to punishment 
ZHUHGHSHQGHQWRQWKHDYDLODELOLW\RIUHZDUGGXULQJDWDVNHJ%ODLUHWDO
1HZPDQHWDO7KLVHIIHFWRIUHZDUGFRQFXUVZHOOZLWKUHFHQWVWXGLHVVKRZLQJ
that certain psychopathic traits assessed in healthy control subjects are related to 
QHXUDOK\SHUUHVSRQVLYLW\ WRUHZDUGDQWLFLSDWLRQ%MRUNHWDO%XFNKROW]HW
3DJH_3DJH_ 0HWKRGV,QWURGXFWLRQ
DO%XFNKROW]HWDO XVHGDPRQHWDU\LQFHQWLYHGHOD\WDVNWRDVVHVV
WKHHIIHFWVRISV\FKRSDWKLFWUDLWVRQUHZDUGDQWLFLSDWLRQLQDFRPPXQLW\VDPSOH
'XULQJUHZDUGDQWLFLSDWLRQWKHULJKWQXFOHXVDFFXPEHQV1$FFVLJQDOFRUUHODWHG
SRVLWLYHO\ZLWKWKHLPSXOVLYHDQWLVRFLDOIDFWRURISV\FKRSDWK\6LPLODUUHVXOWVKDYH
EHHQVKRZQE\ %MRUNHWDOGXULQJ LQVWUXPHQWDOO\DQGSDVVLYHO\REWDLQHG
UHZDUGV:KHWKHUWKHVHȴQGLQJVIURPKHDOWK\SHRSOHLQWKHFRPPXQLW\DUHUHOHYDQW
LQH[SODLQLQJFULPLQDODQGKLJKO\DQWLVRFLDOEHKDYLRUVHHQLQLQFDUFHUDWHGSDWLHQWV
GLDJQRVHGZLWKWKHSV\FKRSDWKLFSHUVRQDOLW\GLVRUGHULVVWLOODQRSHQTXHVWLRQ
+HUHZHVXEVWDQWLDOO\H[WHQGSULRUUHVXOWV%MRUNHWDO%XFNKROW]HWDO
WRDFWXDOFULPLQDODQGFOLQLFDOSV\FKRSDWKVUHFUXLWHGIURPDIRUHQVLFSV\FKLDWULF
KRVSLWDO DQG GLDJQRVHG ZLWK WKH 3V\FKRSDWKLF &KHFNOLVW 5HYLVHG 3&/5 +DUH
7KHSULPDU\DLPRIWKLVVWXG\ZDVWRDVVHVVGLIIHUHQFHVLQQHXUDOSURFHVVHV
underlying reward anticipation between individuals with psychopathy and healthy 
FRQWUROVXEMHFWV)XUWKHUPRUHLQRUGHUWRFRQWUDVWKLJKDQGORZSV\FKRSDWKLFWUDLWV
ZLWKLQWKHQRQFULPLQDOJURXSZHIXUWKHUGLYLGHGWKHKHDOWK\FRQWUROJURXSLQWKRVH
who score high (HChighDQGORZ+&lowRQLPSXOVLYHDQWLVRFLDOWUDLWVPHDVXUHVZLWK
DVHOIUHSRUWLQVWUXPHQWWKHSV\FKRSDWKLFSHUVRQDOLW\LQYHQWRU\33,/LOLHQIHOG	
$QGUHZV:HWHVWHGWKHIROORZLQJK\SRWKHVHV
)LUVW ZH DLPHG WR UHSOLFDWH WKDW K\SHUUHDFWLYLW\ RI WKH YHQWUDO VWULDWXP WR
reward anticipation is seen in subjects scoring high on impulsive-antisocial traits 
FI%MRUNHWDO%XFNKROW]HWDO7ZRJURXSVZLWKHTXDOO\KLJKVFRUHV
RQLPSXOVLYHDQWLVRFLDOWUDLWVȂKHDOWK\FRQWUROVDQGFULPLQDOFOLQLFDOSV\FKRSDWKV
ȂZHUHFRPSDUHGWRDJURXSVVFRULQJORZRQWKHVHWUDLWV6HFRQGZHH[SHFWHGWKLV
reward related hyperreactivity to be even more pronounced in the psychopathic 
JURXS
,QIDFWWKHUHZHUHQRGLIIHUHQFHVLQK\SHUUHDFWLYLW\EHWZHHQWKHFULPLQDODQG
noncriminal groups (psychopathic group vs HChighLQGLFDWLQJWKDWK\SHUUHDFWLYLW\
per se cannot account for the obvious differences in criminal behavior between 
ERWKJURXSV7KLVSURYLGHGDSX]]OHDQGOHGXVWRRXUQH[WTXHVWLRQ&RXOGLWEHWKDW
the difference between psychopathic individuals and HChigh does not surface in the 
ventral striatal signal per seEXWUDWKHULQLPSDFWRIWKLVVLJQDORQEUDLQUHJLRQVWKDW
FRQWUROEHKDYLRUVXFKDVWKHSUHIURQWDOFRUWH["%DVHGRQSULRUREVHUYDWLRQVWKDW
SV\FKRSDWK\LVDFFRPSDQLHGE\DEQRUPDOIURQWDOFRQQHFWLYLW\0RW]NLQ1HZPDQ
.LHKO	.RHQLJV<DQJHWDOZHDVVHVVHGUHZDUGUHODWHGIXQFWLRQDO
connectivity patterns between the hyper-reactive region of the ventral striatum 
DQGSUHIURQWDOFRUWH[DUHDVNQRZQWRSURFHVVOLPELFLQIRUPDWLRQYLDIURQWRVWULDWDO
SDWKZD\V+DEHU
3.2. Methods
3.2.1. Subjects
(LJKWHHQPDOHRIIHQGHUVZHUe selected from the in-patient population of a forensic 
psychiatric hospital in the Netherlands1 based on available information about 
FOLQLFDOVWDWXVDQGSULRUKLVWRU\)RXURIIHQGHUVKDGWREHH[FOXGHGGXHWRWHFKQLFDO
problems (N DQGZLWKGUDZDOIURPSDUWLFLSDWLRQN 7KHUHPDLQLQJIRXUWHHQ
RIIHQGHUVZHUHEHWZHHQDQG\HDUVRIDJHPHDQDJH SD OHIW
KDQGHGSUHVHQWLQJZLWKD3&/5VFRUHRIȲDFFRUGLQJWRWKH+DUH3V\FKRSDWK\
&KHFN/LVW5HYLVHG 3&/5+DUHPHDQWRWDOVFRUH SD :H
DVVHVVHGWKHLUSUHPRUELG,4OHYHOVXVLQJWKH'XWFKYHUVLRQRIWKH1DWLRQDO$GXOW
5HDGLQJ7HVW'XWFKYHUVLRQ6FKPDQG%DNNHU6DDQ	/RXPDQ1HGHUODQGVH
/HHVWHVW YRRU 9ROZDVVHQHQ 7ZHQW\ KHDOWK\ PHQ  OHIWKDQGHG PDWFKHG IRU
DJH DQG ,4 PHDQ DJH   SD   ZLWKRXW FULPLQDO UHFRUGV RU D KLVWRU\
RI SV\FKLDWULF GLVRUGHUV ZHUH UHFUXLWHG E\ DGYHUWLVHPHQW 3DUWLFLSDQWV LQ ERWK
groups were checked for drug use and for medical/neurological history2)ROORZLQJ
%XFNKROW]HWDOWKHJURXSRIKHDOWK\FRQWUROVZDVVSOLWLQWZRJURXSV+&high 
and HClowEDVHGRQPHGLDQVFRUHVRQ33,B,$ PHGLDQ 7KH WKUHHJURXSV
were matched on IQ and age (both p!VHHTable 3.1.7KHVWXG\ZDVDSSURYHG
E\WKHORFDO0HGLFDO(WKLFDO&RPPLWWHH1/
 7KH3RPSHVWLFKWLQJLVDȊ7%6FOLQLFȋORFDWHGLQ1LMPHJHQ7%67HUEHVFKLNNLQJVWHOOLQJLV
a disposal to be treated on behalf of the state for people who committed serious criminal 
RIIHQFHV LQFRQQHFWLRQZLWKKDYLQJDPHQWDOGLVRUGHU7%6 LVQRWDSXQLVKPHQWEXWDQ
HQWUXVWPHQWDFWIRUPHQWDOO\GLVRUGHUHGRIIHQGHUVGLPLQLVKHGUHVSRQVLELOLW\7KHVHFRXUW
RUGHUVDUHDQDOWHUQDWLYHWRHLWKHUORQJWHUPLPSULVRQPHQWRUFRQȴQHPHQWLQSV\FKLDWULF
KRVSLWDOZLWKWKHJRDOWRVWULNHDEDODQFHEHWZHHQVHFXULW\WUHDWPHQWDQGSURWHFWLRQ
([FOXVLRQ FULWHULD 8VH RI DOFRKRO PRUH WKDQ  XQLWVGD\ GXULQJ WKH ZHHN SUHFHGLQJ
WKH H[SHULPHQWDO VHVVLRQ DQG XVH RI DOFRKRO ZLWKLQ  KRXUV RI WKH PHDVXUHPHQW
Use of cannabis or other illicit drugs within the week before measurement and use of 
SV\FKRWURSLFPHGLFDWLRQRWKHUWKDQR[D]HSDPGXULQJWKHGD\VEHIRUHPHDVXUHPHQW
8VHRIR[D]HSDPZLWKLQKRXUVEHIRUHPHDVXUHPHQW6PRNLQJZLWKLQKRXUVEHIRUH
PHDVXUHPHQW +LVWRU\ RI WUDXPD FDSLWLV YLVXDO DQG DXGLWRU\ GLVRUGHUV QHXURORJLFDO
GLVRUGHUVȴUVWGHJUHHUHODWLYHZLWKDQ\UHOHYDQWQHXURORJLFDOGLVRUGHUV
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Table 3.1. *URXS FKDUDFWHULVWLFV PHDQ VWDQGDUG GHYLDWLRQ RI WKH JURXS RI
SV\FKRSDWKV33DQGKHDOWK\PDWFKHGFRQWUROVXEMHFWVVFRULQJKLJKRQWKH33,B,$
factor (HChighDQGKHDOWK\PDWFKHGFRQWUROVXEMHFWVFRULQJORZRQWKH33,B,$IDFWRU
(HClow
PP HClow
(<146 on PPI_IA)
HChigh
(>146 on PPI_IA)
Statistics
(p-value)
Age    
,41/9    
3&/5WRWDO  - - -
3&/5)DFWRU  - - -
3&/5)DFWRU  - - -
3&/5)DFWRU 
3&/5)DFWRU 
33,WRWDO    
33,B)'IDFWRU    
33,B,$IDFWRU    
33,B0(    
33,B63    
33,B&+    
33,B&13)    
33,B)/    
33,B%(    
33,B,1&    
33,B6,    
33,B)' IDFWRURIWKH33,ȆIHDUOHVVGRPLQDQFHȇ33,B,$ IDFWRURIWKH33,ȆLPSXOVLYH
DQWLVRFLDOLW\ȇ 33,B0(   0DFKLDYHOOLDQ (JRFHQWULFLW\ 33,B63   6RFLDO 3RWHQF\ 33,B&+  
&ROGKHDUWHGQHVV 33,B&13)   &DUHIUHH 1RQSODQIXOOQHVV 33,B)/   )HDUOHVVQHVV 33,B%(  
%ODPH([WHUQDOLVDWLRQ33,B,1& ,PSXOVLYH1RQFRQIRUPLVP33,B6, 6WUHVV,PPXQLW\
3.2.2. Procedure
3DUWLFLSDQWV UHFHLYHG ZULWWHQ DQG RUDO LQIRUPDWLRQ DERXW WKH H[SHULPHQW DQG
VLJQHGDQLQIRUPHGFRQVHQW$OOSDUWLFLSDQWVZHUHLQYLWHGIRUDVFUHHQLQJVHVVLRQ
DQGDVFDQVHVVLRQZLWKQRPRUHWKDQWZRZHHNVLQEHWZHHQWKHDSSRLQWPHQWV
'XULQJWKHȴUVWDSSRLQWPHQWWKH\ZHUHVFUHHQHGIRUSV\FKLDWULFH[FOXVLRQFULWHULD 
E\WUDLQHGSV\FKRORJLVWVXVLQJWKH6WUXFWXUH&OLQLFDO,QWHUYLHZIRU'60GLVRUGHUVWR
H[FOXGHD[LVGLVRUGHU6&,',,'XWFKYHUVLRQ:HHUWPDQ$UQW]	.HUNKRIV
0LQL ,QWHUQDWLRQDO 1HXURSV\FKLDWULF ,QWHUYLHZ WR H[FOXGH D[LV  GLVRUGHU 0,1,
9DQ9OLHW/HUR\	YDQ0HJHQDQGWKH'XWFKYHUVLRQRIWKH1DWLRQDO$GXOW
5HDGLQJ7HVWIRU,4DVVHVVPHQW1/96FKPDQGHWDO)XUWKHUSDUWLFLSDQWV
FRPSOHWHGWKH33,/LOLHQIHOG	$QGUHZV'XWFKYHUVLRQ-HOLFLF0HUFNHOEDFK
7LPPHUPDQV	&DQGHO7KH\ZHUHLQVWUXFWHGQRWWRGULQNPRUHWKDQXQLWV
RIDOFRKRO WRXVHQRGUXJVDQGQRSV\FKRWURSLFPHGLFDWLRQ LQ WKHZHHNEHIRUH
WKHVFDQWRGULQNQRDOFRKROKRXUVEHIRUHVFDQQLQJWRQRWVPRNHPRUHWKDQ
FLJDUHWWHVRQWKHVFDQGD\DQGWRQRWVPRNHRQHKRXUEHIRUHWKHVFDQ)XUWKHUPRUH
they were asked to refrain from any caffeinated drinks and chocolate on the scan 
GD\DQGWRUHIUDLQ IURPH[WHQVLYHSK\VLFDOH[HUFLVHDQGKHDY\PHDOVEHIRUH WKH
VFDQVHVVLRQ,QWKHVFDQQHUSDUWLFLSDQWVZRUHHDUSOXJVDQGKHDGSKRQHV)RDP
pads were placed inside the head coil to restrict movement and a heartbeat device 
ZDV FRQQHFWHG WR WKHGLJLWXV ,, VHFRQG WRH ,QVWUXFWLRQV DQG WDVN LPDJHVZHUH
SURMHFWHGRQWRDWUDQVOXFHQWVFUHHQDWWKHHQGRIWKHVFDQWXEHZKLFKZDVYLVLEOH
YLDDPLUURUDWWDFKHGWRWKHKHDGFRLO3DUWLFLSDQWVUHFHLYHGDSUDFWLFHEORFNZKLFK
ZDVVWRSSHGZKHQSDUWLFLSDQWVKDGRQWLPHUHVSRQVHVKLWV7KHSXUSRVHRIWKH
WDVNZDVVXPPDUL]HGDIWHUZKLFKWKHH[SHULPHQWDOEORFNZDVVWDUWHGZKLFKODVWHG
 PLQXWHV ,PPHGLDWHO\ DIWHU WKH H[SHULPHQW VDOLYD VDPSOHV ZHUH FROOHFWHG
EHIRUHVXEMHFWVFRPSOHWHGWZRRWKHUWDVNVUHSRUWHGHOVHZKHUH
3V\FKLDWULF H[FOXVLRQ FULWHULD GHSUHVVLYH GLVRUGHU ELSRODU GLVRUGHU VFKL]RSKUHQLD
VFKL]RDIIHFWLYH GLVRUGHU VFKL]RSKUHQLIRUP GLVRUGHU GHOXVLRQDO DQG RWKHU SV\FKRWLF
GLVRUGHUVVFKL]RLGRUVFKL]RW\SLFDOSHUVRQDOLW\GLVRUGHUFXUUHQWDOFRKRODQGVXEVWDQFH
LQWR[LFDWLRQȴUVWGHJUHHUHODWLYHVZLWK'60,9D[LV,VFKL]RSKUHQLDRUVFKL]RSKUHQLIRUP
GLVRUGHU
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3.2.3. Experimental Task and Questionnaires
Monetary incentive delay task (MID task)
7KH0,'WDVNFRQVLVWHGRIWULDOVSRWHQWLDOO\UHZDUGLQJWULDOVSRWHQWLDOO\QRQ
UHZDUGLQJDQGEDVHOLQHȴ[DWLRQWULDOV(DFKWULDOVWDUWHGZLWKWKHSUHVHQWDWLRQ
of a cue (green square indicating reward trials and red square indicating no-
UHZDUG WULDOV IRU VHFRQGV1H[W DZKLWH FLUFOHZDVSUHVHQWHG WDUJHW WR
ZKLFKWKHSDUWLFLSDQWVKDGWRUHVSRQGDVTXLFNO\DVSRVVLEOHE\SUHVVLQJDEXWWRQ
7KHWDUJHWZDVIROORZHGE\DEODFNVFUHHQIRUPVHFDIWHUZKLFKWKHRXWFRPH
ZDV GLVSOD\HG PVHF LQIRUPLQJ WKH SDUWLFLSDQW DERXW WKH RXWFRPHRI WKH
FXUUHQWWULDODQGWKHWRWDODPRXQWRISRLQWV3DUWLFLSDQWVFRXOGJDLQSRLQW
in the reward condition and no points in the no-reward condition if they responded 
EHWZHHQDQGPVHFDIWHUWDUJHWRQVHW7KHUHVSRQVHZLQGRZZDVDGMXVWHG
RQDQLQGLYLGXDOEDVLVDQGVHSDUDWHO\IRUUHZDUGDQGQRUHZDUGWULDOVLQRUGHUWR
EDODQFHKLWVDQGPLVVHVDIWHUDKLWPVHFZDVVXEWUDFWHGIURPWKHODVWUHVSRQVH
ZLQGRZDIWHUDPLVVPVHFZDVDGGHGWRWKHODVWUHVSRQVHZLQGRZ)RUHYHU\
SDUWLFLSDQWWKHLQLWLDOUHVSRQVHZLQGRZZDVVHWWRPVHF%HIRUHWKHQH[WWULDO
FXHZDVVKRZQDEODFNVFUHHQZDVVKRZQIRUPVHF7KH\ZHUHWROGWKDWWKH
total amount of points was converted to monetary rewards (1 point resulted in 20 
HXURFHQWVZKLFKZRXOGEHJLYHQDVDERQXV
Psychopathic Personality Inventory (PPI)
7KH33,LVDLWHPVHOIUHSRUWTXHVWLRQQDLUHGHVLJQHGWRPHDVXUHVSV\FKRSDWKLF
WUDLWVLQFRPPXQLW\VDPSOHV/LOLHQIHOG	$QGUHZV,WHPVDUHDQVZHUHGRQ
DSRLQW/LNHUWVFDOH IDOVH WUXH(LJKWVXEVFDOHVDUHVFRUHGZKLFKFDQEH
IXUWKHUUHGXFHGLQWRIDFWRUVUHVSHFWLYHO\IHDUOHVVGRPLQDQFH)'DQGLPSXOVLYH
DQWLVRFLDOEHKDYLRU,$ZKLFKLQWXUQDUHVXPPHGLQWRDWRWDOVFRUHUHSUHVHQWLQJ
DJOREDOLQGH[RISV\FKRSDWK\1RWHWKDWWKH,$IDFWRUZDVXVHGWRVSOLWWKHKHDOWK\
FRQWUROJURXSLQWRKLJKDQGORZVFRULQJVXEMHFWV
Psychopathy Checklist – Revised (PCL-R)
7KH3&/5LVDLWHPLQVWUXPHQWUHJDUGHGDVWKHFOLQLFDOVWDQGDUGIRUDVVHVVLQJ
SV\FKRSDWK\,QFRQWUDVWWRWKH33,WKLVLVQRWDVHOIUHSRUWTXHVWLRQQDLUHEXWLWHPV
DUHVFRUHGE\DWOHDVWWZRLQGHSHQGHQWWUDLQHGUDWHUVEDVHGRQȴOHLQIRUPDWLRQ
FROODWHUDOUHSRUWVDQGH[WHQVLYHLQWHUYLHZLQJ7KHLWHPVUHȵHFWDUHFHQWO\HVWDEOLVKHG
IRXUIDFWRUPRGHO)0+DUH+DUH	1HXPDQQIDFWRUVUHVSHFWLYHO\
UHȵHFWWKHIDFHWVLQWHUSHUVRQDOSUREOHPVDIIHFWLYHSUREOHPVLPSXOVLYHEHKDYLRUDO
OLIHVW\OHDQGDQWLVRFLDOEHKDYLRU
3.2.4. Analysis
Behavioral analysis
7KHQXPEHURIKLWVWKDWZHUHIDVWHQRXJKUHDFWLRQWLPHRQKLWVDQGWDUJHWGXUDWLRQ
ZHUHVXEPLWWHGWRD[UHSHDWHGPHDVXUHVDQDO\VLVRIYDULDQFHUP$129$ZLWK
UHZDUGDQWLFLSDWLRQOHYHOVUHZDUGQRUHZDUGDVZLWKLQVXEMHFWIDFWRUDQGJURXS
OHYHOV33+&high+&lowDVEHWZHHQVXEMHFWIDFWRU
MR Image acquisition and analysis
Image acquisition
:KROHEUDLQ LPDJLQJ ZDV SHUIRUPHG RQ D  7HVOD 05 VFDQQHU 0DJQHWURP
6RQDWD6LHPHQV0HGLFDO6ROXWLRQV(UODQJHQ*HUPDQ\XVLQJDQFKDQQHOFRLO
)XQFWLRQDO GDWD ZHUH REWDLQHG XVLQJ DPXOWLHFKR JUDGLHQW 7ZHLJKWHG HFKR
SODQDU0((3,VFDQQLQJVHTXHQFH3RVHU9HUVOXLV+RRJGXLQ	1RUULVZLWK
EORRGR[\JHQOHYHOGHSHQGHQW%2/'FRQWUDVWD[LDOREOLTXHVOLFHVUHSHWLWLRQ
WLPHVHFKRWLPHVDQGPVHFLQSODQHUHVROXWLRQ[
PP VOLFH WKLFNQHVV PPGLVWDQFH IDFWRUȵLSDQJOHr 9LVXDO VWLPXOL
were projected on a screen and were viewed through a mirror attached to the head 
FRLO ,Q DGGLWLRQ D KLJKUHVROXWLRQ 7ZHLJKWHG PDJQHWL]DWLRQSUHSDUHG UDSLG
acquisition gradient echo anatomical scan was obtained from each subject from 
D7HVOD05VFDQQHU0DJQHWURP7ULR7LP6LHPHQV0HGLFDO6\VWHPV(UODQJHQ
*HUPDQ\XVLQJDFKDQQHOKHDGFRLO VDJLWWDOVOLFHV UHSHWLWLRQWLPHV
HFKRWLPHPVYR[HOVL]H[[PPȴHOGRIYLHZPP
Preprocessing
I05, GDWD DQDO\VLV ZDV SHUIRUPHG ZLWK 630 VRIWZDUH 6WDWLVWLFDO 3DUDPHWULF
0DSSLQJ:HOFRPH7UXVW&HQWUHIRU&RJQLWLYH1HXURLPDJLQJ/RQGRQ8.7KHȴUVW
ȴYHYROXPHVRIHDFKSDUWLFLSDQWȇVGDWDVHWZHUHGLVFDUGHGWRDOORZ7HTXLOLEULXP
)LUVWUHDOLJQPHQWSDUDPHWHUVZHUHHVWLPDWHGIRUWKHLPDJHVDFTXLUHGDWWKHȴUVW
echotime and consequently applied to images resulting from the three other 
HFKRHV 7KH HFKRLPDJHV ZHUH FRPELQHG E\ DSSO\LQJ D 3$,'ZHLJKW DOJRULWKP
DVVHVVLQJWKHVLJQDOWRQRLVHUDWLRDVGHVFULEHGE\3RVHUHWDO7KLUW\YROXPHV
3DJH_3DJH_ 0HWKRGV0HWKRGV
DFTXLUHG MXVWDIWHU WKHPDLQ WDVN ZKLOH WKHSDUWLFLSDQWZDWFKHGDEODFN VFUHHQ
ZHUHXVHGDVLQSXWIRUWKLVDOJRULWKP7KHUHDIWHUWKHIROORZLQJSUHSURFHVVLQJVWHSV
ZHUHDSSOLHGVOLFHWLPHFRUUHFWLRQFRUHJLVWUDWLRQDQGDVHJPHQWDWLRQSURFHGXUH
XVLQJWKHWLVVXHSUREDELOLW\PDSVSURYLGHGE\630IRUJUH\PDWWHUZKLWHPDWWHU
DQG&6)FHQWHUHGLQ01,VSDFHWRHVWLPDWHQRUPDOL]DWLRQSDUDPHWHUVEDVHGRQWKH
VWUXFWXUDOLPDJH6WUXFWXUDODVZHOODVIXQFWLRQDOLPDJHVZHUHWKHQQRUPDOL]HGE\
DSSO\LQJWKHVHHVWLPDWLRQV$OOQRUPDOL]HGLPDJHVZHUHVPRRWKHGZLWKDQLVRWURSLF
PPIXOOZLGWKKDOIPD[LPXP*DXVVLDQNHUQHO:RUVOH\	)ULVWRQ
Single subject analysis
$ UDQGRP HIIHFWV HYHQWUHODWHG VWDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG ZLWK 630
)LUVWZHVSHFLȴHGDVHSDUDWHJHQHUDOOLQHDUPRGHO*/0IRUHDFKSDUWLFLSDQW7KLV
*/0LQFOXGHGHLJKWPDLQUHJUHVVRUVUHSUHVHQWLQJGLIIHUHQWIDFWRUVRIWKH0,'WDVN
&XHIRUUHZDUGDQGQRUHZDUGWULDOV7DUJHWIRUUHZDUGDQGQRUHZDUG
WULDOV2XWFRPHIRU  UHZDUGKLW  UHZDUGPLVV QRUHZDUGKLWDQG QR
UHZDUGPLVVWULDOV7KHVHUHJUHVVRUVZHUHPRGHOHGDVGHOWDVWLFNIXQFWLRQVDWWKH
RQVHWRIUHVSHFWLYHO\&XH7DUJHWDQG2XWFRPHSUHVHQWDWLRQDQGZHUHFRQYROYHG
ZLWKDFDQRQLFDOKHPRG\QDPLFUHVSRQVHIXQFWLRQ+5)5HDOLJQPHQWSDUDPHWHUV
WKH WKUHH ULJLGERG\ WUDQVODWLRQV DQG WKUHH URWDWLRQV ZHUH DGGHG WR FDSWXUH
UHVLGXDOPRYHPHQWUHODWHGDUWLIDFWV+LJKSDVVȴOWHULQJVZDVDSSOLHGWRWKH
WLPH VHULHVRI WKH IXQFWLRQDO LPDJHV WR UHPRYH ORZIUHTXHQF\GULIWV 3DUDPHWHU
HVWLPDWHV IRU DOO UHJUHVVRUV ZHUH REWDLQHG E\ PD[LPXPOLNHOLKRRG HVWLPDWLRQ
PRGHOLQJWHPSRUDODXWRFRUUHODWLRQ$57KHSDUDPHWHUHVWLPDWHVGHULYHGIURP
WKLVȴWRIWKHPRGHOWRWKHGDWDUHȵHFWWKHVWUHQJWKRIFRYDULDQFHEHWZHHQWKHI05,
GDWDDQGWKHFDQRQLFDOUHVSRQVHIXQFWLRQIRUHDFKRIWKHUHJUHVVRUV
Group level analysis
7KHHVWLPDWHVIRUWKH&XHUHZDUGDQGQRUHZDUGWULDOVZHUHRISULPDU\LQWHUHVW
7KHVHZHUHHVWLPDWHGDWWKHVXEMHFWOHYHODQGWKHQXVHGLQD[$129$IXOOIDFWRULDO
GHVLJQDW WKHJURXSOHYHOZLWK5HZDUG$QWLFLSDWLRQ  OHYHOV UHZDUGQRUHZDUG
DVZLWKLQVXEMHFWIDFWRUDQG*URXSOHYHOV33+&high/HClowDVEHWZHHQVXEMHFW
IDFWRU 5HVWULFWHG0D[LPXP /LNHOLKRRG HVWLPDWHV RI YDULDQFH FRPSRQHQWV ZHUH
used to allow for unequal variance between subjects and possible deviations from 
sphericity introduced by dependencies between levels in the repeated measures 
IDFWRU )RU WKH IDFWRU*URXS LQGHSHQGHQFLHVEHWZHHQ OHYHOVZHUHDVVXPHG7KH
PDLQHIIHFWVDQGLQWHUDFWLRQVZHUHWKHQFDOFXODWHG
7KH IROORZLQJ &XHUHODWHG FRQWUDVW ZDV XVHG WR IRUPDOO\ WHVW WKH SULPDU\
hypotheses of our study:
 >33UHZDUG Ȃ 33QRUHZDUG@  >+&highUHZDUG Ȃ +&high/no-reward] - 2 * 
[HClowUHZDUGȂ+&low/no-reward]
6LJQLȴFDQWHIIHFWVUHYHDOHGE\WKLVFRQWUDVWUHȵHFWDUHDVZKHUHWKHUHLVDK\SHU
reactivity during reward anticipation relative to no-reward anticipation for criminal 
SV\FKRSDWKVDQGKHDOWK\FRQWUROZLWKKLJKSV\FKRSDWKLFWUDLWVUHODWLYHWRKHDOWK\
FRQWUROVZLWKORZSV\FKRSDWKLFWUDLWVDVPHDVXUHGZLWKWKH33,B,$IDFWRU
Any region revealed by the previous contrast was assessed with the following 
contrast for differences between the group of psychopaths and healthy controls 
ZLWKKLJKSV\FKRSDWKLFWUDLWVDFFRUGLQJWRK\SRWKHVLVVHHLQWURGXFWLRQ
 >33UHZDUGȂ33QRUHZDUG@>+&nKLJKUHZDUGȂ+&high/no-reward]
)RU WKLV DQDO\VLV ZH XVHG DQ LQFOXVLYHPDVN EDVHG RQ WKH UHVXOWV IRXQG RQ
FRQWUDVW  DQG DVVHVVHG ZKHWKHU DQ\ QXOO UHVXOWV KHOG HYHQ DW D YHU\ OHQLHQW
threshold of puncorrected  $ SRVLWLYH ȴQGLQJ RQ WKLV FRQWUDVW  LQGLFDWHV D
VWURQJHUK\SHUUHDFWLYLW\WRUHZDUGDQWLFLSDWLRQUHODWLYHWRQRUHZDUGDQWLFLSDWLRQ
for clinical psychopaths compared to HChigh:HH[SHFWHGHLWKHUQRGLIIHUHQFHRU
JUHDWHUUHVSRQVLYLW\GXULQJUHZDUGDQWLFLSDWLRQUHODWLYHWRQRUHZDUGDQWLFLSDWLRQ
Functional connectivity analyses
)LQDOO\ ZH DVVHVVHG ZKHWKHU UHZDUGUHODWHG IXQFWLRQDO FRQQHFWLYLW\ GLIIHUHG
between clinical psychopaths and HChigh :H FRQGXFWHG SV\FKRSK\VLRORJLFDO
LQWHUDFWLRQ DQDO\VLV 33,FRQ WR WHVW WDVNLQGXFHG GLIIHUHQFHV LQ WKH VWUHQJWK
RI FRQQHFWLYLW\ EHWZHHQ WZREUDLQ UHJLRQV )ULVWRQ HW DO  ,Q RWKHUZRUGV
VLJQLȴFDQW UHVXOWV RQ 33,FRQ LQGLFDWH G\QDPLF QHXURPRGXODWLRQ LQ UHVSRQVH
WR FRQWH[WXDO GHPDQGV DQG LGHQWLI\ IXQFWLRQDO LQWHUDFWLRQV WKDW DUH UHOHYDQW
WR WKH FXUUHQW WDVN GHPDQGV 7KLV DQDO\VLV DOORZHGXV WR WHVW IRU GLIIHUHQFHV LQ
FRQQHFWLYLW\EHWZHHQWKHLGHQWLȴHGVRXUFHDUHDXQLYDULDWHUHVXOWVDQGWKHWREH
LGHQWLȴHG WDUJHW RU FRQQHFWHG UHJLRQV LQ UHVSRQVH WR UHZDUG DQG QRUHZDUG
DQWLFLSDWLRQWDVNLQGXFHGHIIHFW:HH[SHFWHGWRȴQGHVSHFLDOO\PHGLDORURUELWR
IURQWDO UHJLRQVZLWK WKLV 33, DQDO\VLV 7KLV LV EDVHG RQ WKH WKHRUHWLFDO SURSRVDO
that criminal psychopaths suffer from cognitive control problems instantiated by 
GHȴFLWVLQOLPELFUHJLRQVFRPELQHGZLWKFRPSURPLVHGFRQQHFWLYLW\ZLWKSUHIURQWDO
FRQWUROUHJLRQV
3DJH_3DJH_ 5HVXOWV0HWKRGV
7RFRQGXFWWKLVDQDO\VLVZHSURFHHGHGLQVHYHUDOVWHSV)LUVWIRUHDFKLQGLYLGXDO
WKHȴUVWSULQFLSDOFRPSRQHQWRIWKH%2/'WLPHVHULHVZDVH[WUDFWHGIURPDPP
VSKHUHVXUURXQGLQJWKH%2/'UHVSRQVHSHDNUHYHDOHGE\FRQWUDVW  WKHVHHG
FT WKH ULJKW YHQWUDODQWHULRU VWULDWXP Figure 3.1. 7KH WLPH VHULHV ZDV WKHQ
deconvolved based on the canonical hemodynamic response function to construct 
DWLPHVHULHVRIQHXUDOUHVSRQVHVIROORZLQJWKHSURFHGXUHVRXWOLQHGE\*LWHOPDQ
3HQQ\$VKEXUQHU	)ULVWRQ
6HFRQGD*/0ZDVHVWLPDWHGIRUHYHU\VXEMHFWZKLFKLQFOXGHGWKHIROORZLQJ
WKUHHPDLQUHJUHVVRUVDVZHOODVWKHVL[PRWLRQSDUDPHWHUV7KHVHHG%2/'
UHVSRQVHWLPHVHULHVDUHJUHVVRUUHSUHVHQWLQJWKHWDVNLQGXFHGHIIHFWFRQVLVWLQJ
RIHLWKHUUHZDUGRUQRUHZDUGDQWLFLSDWLRQDQGWKH33,UHJUHVVRUZKLFKLVWKH
FURVVSURGXFWRIWKHGHFRQYROXWHGUHJUHVVRUDQGUHJUHVVRU7KLV33,UHJUHVVRU
UHSUHVHQWVWKHLQWHUDFWLRQEHWZHHQQHXUDOVLJQDODQGWKHWZRWDVNFRQGLWLRQV7KH
33,UHJUHVVRUZDVWKHQFRQYROYHGZLWKWKH+5)3DUDPHWHUHVWLPDWHVIRUWKH33,
UHJUHVVRUZHUHHVWLPDWHGE\PD[LPXPOLNHOLKRRGHVWLPDWLRQPRGHOLQJWHPSRUDO
DXWRFRUUHODWLRQ$5DWWKHVXEMHFWOHYHO7KHSDUDPHWHUHVWLPDWHVGHULYHGIURP
WKLVȴWRIWKHPRGHOWRWKHGDWDUHȵHFWWKHVWUHQJWKRIWKHWDVNLQGXFHGFKDQJHLQ
FRQQHFWLYLW\ZLWKWKHVHHGUHJLRQWKHYHQWUDODQWHULRUVWULDWXP7KHVHHVWLPDWHV
ZHUHWKHQXVHGDWWKHJURXSOHYHOLQDIXOOIDFWRULDOPRGHOZLWK*URXSOHYHOV33
HChigh/HClowDVEHWZHHQVXEMHFW IDFWRU WRDVVHVVJURXSGLIIHUHQFHV7KHSODQQHG
contrast of interest assessed the difference between clinical psychopaths and 
HChigh
Statistical thresholding of fMRI analysis
:H UHSRUW RQO\ WKRVHHIIHFWV WKDW VXUYLYH IDPLO\ZLVH HUURU ):( FRUUHFWLRQ IRU
multiple comparisons at the whole brain (p):(:%YR[HOOHYHO@DQGZKHUH
appropriate for small volume correction of the right nucleus accumbens proper as 
GHȴQHGE\WKH+DUYDUG2[IRUG$WODVFI%MRUNHWDO%XFNKROW]HWDO
3.3. Results
No behavioral differences between groups
'XULQJ UHZDUG DQWLFLSDWLRQ VXEMHFWV VKRZHGPRUH KLWV WKDQ GXULQJ WKH QHXWUDO
condition (main effect of Reward anticipation on hits: F p  
leading to shorter target duration for the reward condition (F p 
&ULWLFDOO\DOOPDLQHIIHFWVRULQWHUDFWLRQVZLWK*URXSZHUHQRQVLJQLȴFDQWF
7KXVEHKDYLRUDOSHUIRUPDQFHGLGQRWGLIIHUEHWZHHQWKHJURXSV
Reward related signal in the ventral striatum
:H HVWDEOLVKHG WKDW IROORZLQJ %XFNKROW] HW DO UHZDUGUHODWHG %2/'
signal in the ventral striatum was higher in the two groups with high impulsive-
DQWLVRFLDOWUDLWVLH33DQG+&highWKDQLQWKHJURXSZLWKORZLPSXOVLYHDQWLVRFLDO
traits (Figure 3.1.7KLVZDVFRQȴUPHGE\DVLJQLȴFDQWJURXSHIIHFWUHYHDOHGE\
WKHSODQQHG7FRQWUDVWIURPWKHPL[HGPHDVXUHV$129$ZLWKUHZDUGH[SHFWDQF\
UHZDUG!QRUHZDUGDVZLWKLQVXEMHFW IDFWRUDQGJURXSKHDOWK\ ORZ LPSXOVLYH
DQWLVRFLDOKHDOWK\KLJK LPSXOVLYHDQWLVRFLDOFULPLQDOSV\FKRSDWKVDVEHWZHHQ
subject factor (corrected for multiple comparisons across the whole-brain: t
 p VPDOOYROXPHFRUUHFWLRQIRUQXFOHXVDFFXPEHQVSURSHUt 
p 5HZDUGUHODWHG%2/'VLJQDOLQWKHYHQWUDOVWULDWXPGLGQRWGLIIHU
between the high impulsive-antisocial group and the criminal psychopathy group 
(tpuncorrected!7KXVUHZDUGUHODWHG%2/'VLJQDOLQWKHYHQWUDOVWULDWXP
ZDVHQKDQFHGLQSHRSOHZLWKLPSXOVLYHDQWLVRFLDOWUDLWVEXWGLGQRWGLIIHUHQWLDWH
FULPLQDOIURPQRQFULPLQDOSV\FKRSDWKV)RULOOXVWUDWLYHSXUSRVHVZHDOVRSORWWKH
whole brain maps for the simple interaction effects in Figure 3.1.
Main effects of reward expectation across groups
6XSSOHPHQWDU\DQDO\VLVRIGDWDDFURVVDOOVXEMHFWV IURPRXUVPDOOYROXPHRI
LQWHUHVWLQWKHULJKWYHQWUDOVWULDWXPGHȴQHGDQDWRPLFDOO\UHYHDOHGDVLJQLȴFDQWO\
JUHDWHU%2/'VLJQDOGXULQJUHZDUGWKDQQRQUHZDUGFXHVxyz >@t
 p):(B69&   7KLVHQVXUHG WKDW WKHH[SHULPHQWDOPDQLSXODWLRQHYRNHG
WKHVDPH%2/'VLJQDOFKDQJHVDV LQIHUUHGIURPRWKHUVWXGLHVHPSOR\LQJVLPLODU
SDUDGLJPVFI.QXWVRQ)RQJ%HQQHWW$GDPV	+RPPHU
3DJH_3DJH_ 5HVXOWV5HVXOWV
Reward related functional connectivity between the ventral striatum and the 
PFC. 
7KH ȴQGLQJ WKDW VLJQDOV LQ WKH YHQWUDO VWULDWXP GRHV QRW GLIIHU EHWZHHQ +&
high and criminal clinical psychopaths might suggest that the hyper-reactivity in 
the anterior ventral striatum to reward anticipation is not central to the concept 
RI SV\FKRSDWK\ 7KXV WKH VWULNLQJ FOLQLFDO GLIIHUHQFHEHWZHHQ WKHVH JURXSVZDV
QRW UHȵHFWHG E\ WKH XQLYDULDWH UHVXOWV LQ WKH K\SHUUHDFWLYH DQWHULRU YHQWUDO
VWULDWXP0RUHRYHUWKLVGLIIHUHQFHPLJKWEHUHȵHFWHGLQDEHUUDQWFRQWULEXWLRQRI
UHZDUGVLJQDOVLQWKHYHQWUDOVWULDWXPWRSUHIURQWDOFRUWH[UHJLRQVDVVRFLDWHGZLWK
SURSHOOLQJ DQG UHJXODWLQJ OLPELF LQIRUPDWLRQ ,QGHHG WKH VLJQDO RI WKH DQWHULRU
YHQWUDOVWULDWXPFRQWULEXWHGGLIIHUHQWLDOO\WRWKHPHGLDOSUHIURQWDOFRUWH[GXULQJ
reward- compared to no-reward anticipation for HChigh and the psychopathic group 
(Figure 3.1. 7KH SDUDPHWHU HVWLPDWHV LQFigure 3.1. suggest that this effect is 
driven by a more positive contribution of the anterior ventral striatum to the 
PHGLDOSUHIURQWDO FRUWH[GXULQJ UHZDUGFRPSDUHG WRQRUHZDUGDQWLFLSDWLRQ IRU
psychopaths than for HChigh2QHZD\ RI FRQFHSWXDOL]LQJ WKLV ȴQGLQJ LV WKDW WKH
hyperactive signal of the anterior ventral striatum is processed differently in the 
GP3)&EHWZHHQERWKJURXSV
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Figure 3.1. (a (QKDQFHG UHZDUGUHODWHG %2/' VLJQDO LQ WKH YHQWUDO VWULDWXP RI
psychopathic criminals and healthy noncriminal controls with high antisocial/
impulsive traits compared with healthy controls with low antisocial/impulsive traits 
SHDN01,;<=>@$YHUDJHVLJQDOFKDQJHUHZDUGȂQRUHZDUGH[WUDFWHG
IURP WKHSHDN FOXVWHU LV VKRZQ IRU LOOXVWUDWLYH SXUSRVHV b %2/' VLJQDO LQ WKH
YHQWUDOVWULDWXPPPVSKHUHDURXQG01,;<=>@FRQWULEXWHVGLIIHUHQWLDOO\
WR WKH GRUVRPHGLDO SUHIURQWDO FRUWH[ GP3)& GXULQJ UHZDUG YHUVXV QR UHZDUG
H[SHFWDQF\ LQSV\FKRSDWKLF FULPLQDOV FRPSDUHGZLWKKHDOWK\ FRQWUROVZLWKKLJK
DQWLVRFLDOLPSXOVLYHWUDLWV7KHVFDWWHUSORWGHSLFWVLQGLYLGXDOSDUDPHWHUHVWLPDWHV
RIIXQFWLRQDOFRQQHFWLYLW\GLIIHUHQFHVEHWZHHQUHZDUGDQGQRUHZDUGH[SHFWDWLRQ
H[WUDFWHGIURPWKHSHDNFOXVWHUSHDN01,;<=>@,PDJHVDUHGLVSOD\HG
at a threshold of pXQFRUUHFWHGIRULOOXVWUDWLRQSXUSRVHV
3DJH_3DJH_ 'LVFXVVLRQ'LVFXVVLRQ
3.4. Discussion
:H SUHVHQW WZR PDLQ ȴQGLQJV )LUVW UHVXOWV UHYHDO WKDW WKH DQWHULRU YHQWUDO
VWULDWXPRIFOLQLFDOFULPLQDOSV\FKRSDWKVLVK\SHUUHDFWLYHWRUHZDUGDQWLFLSDWLRQ
&UXFLDOO\WKLVK\SHUUHDFWLYLW\LVWKHVDPHDVWKHK\SHUUHDFWLYLW\IRXQGLQKHDOWK\
controls scoring high on impulsive-antisocial traits of psychopathy (HChigh %RWK
psychopathic individuals and HChighGLIIHULQWKLVDVSHFWVLJQLȴFDQWO\IURPKHDOWK\
subjects scoring low on the impulsive-antisocial psychopathic traits (HClow6HFRQG
DQGPRVW LPSRUWDQWO\ LW LV UHYHDOHG WKDW WKH K\SHUDFWLYH VLJQDO RI WKH DQWHULRU
YHQWUDOVWULDWXPLVSURFHVVHGGLIIHUHQWO\ LQWKHGP3)&EHWZHHQWKHSV\FKRSDWKV
and HChigh
2XU UHVXOWV H[WHQG ȴQGLQJV IURP HDUOLHU VWXGLHV VKRZLQJ DEQRUPDO UHZDUG
SURFHVVLQJ UHODWHG WR SV\FKRSDWKLF WUDLWV LQ KHDOWK\ YROXQWHHUV %XFNKROW] HW DO
XVHGWKHPRQHWDU\LQFHQWLYHGHOD\WDVN7KH\DVVHVVHGLPSXOVLYHDQWLVRFLDO
WUDLWV VSHFLȴFDOO\ UHODWHG WR SV\FKRSDWK\ ,$ WUDLWV ZLWK WKH VDPH VHOI UHSRUW
PHDVXUHDVZHXVHGWKH33,7KHVHWUDLWVZHUHDVVRFLDWHGZLWKLQFUHDVHGDFWLYLW\LQ
WKHULJKWYHQWUDOVWULDWXPGXULQJUHZDUGDQWLFLSDWLRQ%MRUNHWDOJHQHUDOO\
UHSOLFDWHGWKHVHȴQGLQJV
7KHYHQWUDOVWULDWXPLVLQYROYHGLQUHZDUGUHODWHGSURFHVVHVVXFKDVDQWLFLSDWLRQ
RIUHZDUG2ȇ'RKHUW\HWDOEXWDOVRLQDGHTXDWHUHDFWLRQVWRFRQWLQJHQF\
FKDQJH3DWWHUVRQ	1HZPDQDQGUHLQIRUFHPHQWOHDUQLQJ:LVH$OO
WKHVHSURFHVVHVDUHLPSDLUHGLQSV\FKRSDWK\HJ%ODLU0RUWRQ/HRQDUG	%ODLU
%ODLUHWDO%XGKDQLHWDO1HZPDQ	.RVVRQ1HZPDQHW
DO$VVXFKWKLVȴWVDUHFHQWSURSRVDOE\*OHQQHWDOVWUHVVLQJWKHUROH
RIWKHYHQWUDOVWULDWXPLQSV\FKRSDWK\YHQWUDOVWULDWDOGHȴFLWVPD\EHLQYROYHGLQ
LPSXOVLYLW\VHQVDWLRQVHHNLQJDQGKHLJKWHQHGUHZDUGVHQVLWLYLW\DOOFHQWUDOWRWKH
FRQFHSWRISV\FKRSDWK\*OHQQ	<DQJ
&ULWLFDOO\ZHH[WHQGHGHDUOLHUȴQGLQJVE\DVVHVVLQJFRQQHFWLYLW\EHWZHHQWKH
YHQWUDOVWULDWXPDQGIURQWDOUHJLRQVGXULQJUHZDUGDQWLFLSDWLRQ2XUUHVXOWVFOHDUO\
show differential task-dependent coupling between the anterior ventral striatum 
DQGGP3)&LQWKH+&highFRPSDUHGWRWKHSV\FKRSDWKLFLQGLYLGXDOV1RWHZRUWK\LV
WKHVWULNLQJGLIIHUHQFHEHWZHHQWKHVHJURXSVLQFRQQHFWLYLW\ȴQGLQJV)LUVWWKHUH
LVQRRYHUODSEHWZHHQWKHJURXSVZKHQDVVHVVLQJLQGLYLGXDOFRQQHFWLYLW\SDWWHUQV
6HFRQGDOO+&highVKRZDQHJDWLYHFRXSOLQJZKHUHDVDOOSV\FKRSDWKLFLQGLYLGXDOV
VKRZDSRVLWLYHRUQHDUSRVLWLYHFRXSOLQJ7KLV VXJJHVWV WKDWQRWDGLIIHUHQFH LQ
reward anticipation per se EXW D GLIIHUHQFH LQ KRZ UHZDUG H[SHFWDWLRQV DUH
FRPPXQLFDWHG ZLWK IURQWDO DUHDV LV D PDUNHU RI FOLQLFDO FULPLQDO SV\FKRSDWK\
,QJHQHUDOWKLVȴQGLQJFRQFXUVZLWKHPSLULFDOȴQGLQJVDQGWKHRUHWLFDOSURSRVDOV
suggesting a central role for aberrant fronto-striatal connectivity in psychopathy 
*OHQQ	<DQJ0RW]NLQHWDO6SHFLȴFDOO\<DQJHWDOVKRZHG
WKDWWKHVXSHULRUIURQWDOJ\UXVLQFOXGLQJWKHGP3)&UHJLRQLQGLFDWHGE\WKHFXUUHQW
VWXG\LVDVVRFLDWHGZLWKGLIIHUHQWLDOLQȵXHQFHRYHULQIRUPDWLRQȵRZLQSV\FKRSDWK\
FRPSDUHGWRKHDOWK\FRQWUROVXEMHFWV2XUȴQGLQJVVXJJHVWWKDWFOLQLFDODQGFULPLQDO
psychopathy is characterized by abnormal reward input to regions regulating 
FRJQLWLYHFRQWURORIEHKDYLRU
+LVWRULFDOO\DGLIIHUHQFHEHWZHHQVXFFHVVIXOLHQRQFULPLQDODQGXQVXFFHVVIXO
FULPLQDOSV\FKRSDWKVKDVEHHQPDGH6XFFHVVIXOSV\FKRSDWKVDUHKLJKIXQFWLRQLQJ
FRPPXQLW\ PHPEHUV ZKR DUH FKDUDFWHUL]HG E\ WUDLWV VXFK DV HJRFHQWULFLW\
VXSHUȴFLDOFKDUPDQGLUUHVSRQVLELOLW\EXWKDYHQRKLVWRU\RIDUUHVWVRUFRQYLFWLRQV
&OHFNOH\ +DUH  ,Q SUHYLRXV VWXGLHV SV\FKRSDWK\ZDV DVVHVVHG YLD
VHOIUHSRUW3V\FKRSDWK\3HUVRQDOLW\,QYHQWRU\33,%MRUNHWDO%XFNKROW]
HWDOLQDPL[HGJHQGHUFRPPXQLW\VDPSOH6XEMHFWVZHUHVHOHFWHGRQWKH
EDVLVRIKLJK33,VFRUHV7KHVDPSOHVWKXVGLGQRWUHSUHVHQWFOLQLFDORUFULPLQDO
non-successful psychopaths and results can only be interpreted as being related 
WRSV\FKRSDWKLFWUDLWVRFFXUULQJLQWKHKHDOWK\SRSXODWLRQ,IDQ\WKLQJWKHVDPSOH
UHSUHVHQWV VRFDOOHG VXFFHVVIXO SV\FKRSDWKV 2Q D PHWKRGRORJLFDO OHYHO LW LV
LPSRUWDQWWRQRWHWKDWZHXVHGWZRGLIIHUHQWPHDVXUHVWRDVVHVVSV\FKRSDWK\2QH
LVWKHFOLQLFDOVWDQGDUGIRUGLDJQRVLQJSV\FKRSDWK\WKH3&/5+DUHIRFXVVLQJ
RQEHKDYLRUDOH[SUHVVLRQVRISV\FKRSDWK\7KHRWKHULVWKH33,/LOLHQIHOG	$QGUHZV
DVHOIUHSRUWPHDVXUHRISV\FKRSDWK\DVVHVVLQJSHUVRQDOLW\WUDLWV$VVXFK
our HChigh group would be closest to the description of successful psychopathy 
ZLWK WKH FKDUDFWHULVWLF SHUVRQDOLW\ WUDLWV EXW QRW WKH KLJKO\ DQWLVRFLDO EHKDYLRU
,QFRPSDULVRQRXUSDWLHQWJURXSUHSUHVHQWV WKHXQVXFFHVVIXOSV\FKRSDWKV*DR
DQG5DLQH VXJJHVWHG WKDW WKHUHDUHVXEVWDQWLDOGLIIHUHQFHVEHWZHHQQRQ
VXFFHVVIXODQGVXFFHVVIXOSV\FKRSDWKVZKLFKSUHVHQWDWDQHXURQDOSK\VLRORJLFDO
FRJQLWLYHDQGEHKDYLRUDOOHYHO6XFFHVVIXOSV\FKRSDWKVGRQRWSUHVHQWZLWKIURQWDO
LPSDLUPHQWV DQG VKRZ OHVV LPSDLUPHQW LQ KLJKHU FRJQLWLYH IXQFWLRQLQJ 1RWH
3DJH_3DJH_ 'LVFXVVLRQ'LVFXVVLRQ
that reward anticipation in the ventral striatum has been linked to this aspect of 
SV\FKRSDWK\ EHIRUH &DUUH+\GH1HXPDQQ 9LGLQJ	+DULUL  &DUUª HW DO
VKRZHGWKDWYHQWUDOVWULDWDOUHDFWLYLW\WRSRVLWLYHIHHGEDFNGXULQJDVLPSOH
card guessing game was negatively related to the lifestyle facet as measured with 
WKH6HOIUHSRUW3V\FKRSDWK\6KRUW)RUP
$V PHQWLRQHG EHIRUH FXUUHQW WKHRUHWLFDO PRGHOV KDYH VXJJHVWHG WKDW WKH
striatum and associated regions play an important role in psychopathy (Glenn & 
<DQJ<DQJHWDO ,QWHJUDWLQJWKHVHYLHZVZLWKPRGHOVRIVXFFHVVIXO
SV\FKRSDWKVUHVXOWVLPSOLFDWHWKDWZKLOHHPRWLRQDODVSHFWVLHUHZDUGDQWLFLSDWLRQ
might be equally affected in criminal clinical psychopathy and high scoring healthy 
FRQWUROV IXUWKHU SURFHVVHG LQ WKH GP3)& RI WKLV VLJQDO LV ZKDW GLIIHUHQWLDWHV
VXFFHVVIXOYHUVXVQRQVXFFHVVIXOFULPLQDOSV\FKRSDWKV,QWKHSUHVHQWVDPSOHWKH
FRPPXQLW\VDPSOHZDVFULPLQDOUHFRUGIUHHEXWVFRUHGHTXDOO\KLJKO\RQWKH33,
FRPSDUHG WR WKH FULPLQDOSV\FKRSDWKV 7KLV LV LQ OLQHZLWKȴQGLQJV IURP3XMDUD
HW DO  ZKR IRXQG QR GLIIHUHQFHV LQ UHZDUG K\SHUVHQVLWLYLW\ EHWZHHQ WZR
FULPLQDOJURXSVKLJKDQGORZRQ3&/5VFRUHV
,QWHUHVWLQJO\ZHIRXQGDVXEWKUHVKROGLHQRWVXUYLYLQJFRUUHFWLRQIRUPXOWLSOH
FRPSDULVRQV QHJDWLYH FKDQJH LQ VLJQDO GXULQJ UHZDUG LQ WKH JURXS RI KHDOWK\
FRQWUROVVFRULQJORZRQ,$WUDLWVFRPSDUDEOHWR%MRUNHWDO:HZHUHDEOH
to show increased activation during reward in the total group and also the total 
healthy control group using the NAcc proper in line with other studies (Knutson 
HWDO*URXSGLIIHUHQFHVLQWKHDQWHULRUYHQWUDOVWULDWXPVKRZHGRSSRVLWH
SDWWHUQV ,PSXOVLYHDQWLVRFLDO WUDLWVDVPHDVXUHGZLWKWKH33,VHHPWR LQȵXHQFH
UHZDUGDQWLFLSDWLRQLQWKHKHDOWK\SRSXODWLRQQRWRQO\DWWKHKLJKHUHQGEXWDOVR
DWWKHORZHU)RUH[DPSOHHIIHFWVRIWUDLWLPSXOVLYLW\RQDPSKHWDPLQHLQGXFHG'$
UHOHDVHLQWKHVWULDWXPZHUHGHPRQVWUDWHGE\%XFNKROW]HWDO)XWXUHVWXGLHV
should consider this variation in traits to better understand individual differences 
LQQHXUDODFWLYLW\
2QH LPSOLFDWLRQRI WKHSUHVHQWUHVXOWV LV WKDW LPSXOVLYHDQWLVRFLDOSHUVRQDOLW\
WUDLWV GR QRW QHFHVVDULO\ FRUUHVSRQG ZLWK LPSXOVLYHDQWLVRFLDO EHKDYLRU ,QGHHG
WKHWZRPHDVXUHVRISV\FKRSDWK\VKRZOLWWOHFRUUHVSRQGHQFHLQ'XWFKVDPSOHV
,W LV VXJJHVWHG WKDW WKH 3&/5 LV EHKDYLRUEDVHG DSSURDFK ZKLOH WKH 33, LV D
SHUVRQDOLW\EDVHG DSSURDFK /LOLHQIHOG 	 $QGUHZV  7KHUHIRUH LQGLYLGXDOV
characterized by psychopathic personality traits but who do not necessarily engage 
LQDQWLVRFLDODFWVZRXOGEHFRQVLGHUHGSV\FKRSDWKVZKHQPHDVXUHVZLWKWKH33,
EXWZRXOGUHPDLQXQGLDJQRVHGXVLQJWKH3&/5%RWKRIWKHVHH[SODQDWLRQVVKRZ
some resemblance in that those individuals who show the personality traits but not 
the behavior might be seen as successful in terms of being able to inhibit acting 
DFFRUGLQJWRWKHLUSHUVRQDOLW\
7DNHQ WRJHWKHU ZH KDYH GHPRQVWUDWHG WKDW UHZDUG K\SHUVHQVLWLYLW\ LQ WKH
anterior ventral striatum is present in samples showing high traits of impulsive-
DQWLVRFLDOSHUVRQDOLW\FRPPXQLW\DQGFOLQLFDOFULPLQDOVDPSOHV$GGLWLRQDOO\ZH
showed that criminal psychopaths (not only characterized by impulsive-antisocial 
SHUVRQDOLW\EXWDOVRE\ LPSXOVLYHDQWLVRFLDOEHKDYLRUFDQEHGLIIHUHQWLDWHGIURP
putatively non-criminal psychopaths by differential impact of aberrant ventral 
VWULDWDOVLJQDORQWKHGP3)&7KHSUHVHQWȴQGLQJVFRQWULEXWHWRWKHXQGHUVWDQGLQJ
of how and why some people act according to their impulsive-antisocial personality 
ZKLOHWKHLPSDFWRIVXFKWUDLWVLVPXFKVPDOOHULQRWKHUSHRSOHZLWKVLPLODUWUDLWV
3HUVRQDOLW\ SUHGLVSRVHV IRU FHUWDLQ FKDUDFWHULVWLFV VXFK DV UHZDUG VHQVLWLYLW\ ,Q
some people however these preferences have larger impact than in others on 
IXUWKHUSURFHVVLQJLQKLJKHUFRQWUROV\VWHPV,WZRXOGEHLQWHUHVWLQJWRLQYHVWLJDWH
ZKHWKHU WKH LPSDFWRI UHZDUGVHQVLWLYLW\ FDQEHGHFUHDVHGE\ WUHDWPHQWHLWKHU
SKDUPDFRORJLFDOO\ZLWK706RUWKURXJKDFRJQLWLYHEHKDYLRUDODSSURDFK
Supplementary materials
Results
*URXSVGLIIHUHGRQ33, WRWDO VFRUH 33,B,$ DQG WKH33, VXEVFDOHV0DFKLDYHOOLDQ
(JRFHQWULFLW\ %ODPH ([WHUQDOL]DWLRQ DQG ,PSXOVLYH 1RQFRQIRUPLW\ $ IROORZ XS
t-test revealed that this difference was driven by the difference between HChigh and 
HClow (all p7KHSV\FKRSDWKLFJURXSGLGQRWGLIIHURQDQ\RIWKHVHPHDVXUHV
from the HChigh group (all p!H[FHSWIRUWKH33,B,1&VXEVFDOHt p 
 ZKHUHWKH+&high group scored higher compared to the psychopathic group 
(Table 3.1.
3&/5WRWDOVFRUHGLGQRWFRUUHODWHZLWK33,WRWDORU33,IDFWRUVWRUHVDOOp!
see Table 3.2.1RQHRIWKHIDFWRUVFRUHVFRUUHODWHGDOOp!H[FHSWIRU3&/5
IDFWRUVFRUHVZKLFKFRUUHODWHGZLWK33,WRWDO5 p DQG33,IDFWRU
VFRUHV5 p 
3DJH_3DJH_ 'LVFXVVLRQ'LVFXVVLRQ
Table 3.2. &RUUHODWLRQV EHWZHHQ 3&/5 WRWDO VFRUH DQG IDFWRU VFRUHV IRXUIDFWRU
PRGHODQG33,WRWDOVFRUHDQGIDFWRUVFRUHVLQWKHJURXSRISV\FKRSDWK\
PPI total score 
PPI_FD
(factor 1) 
PPI_IA
(factor 2)
3&/5WRWDOVFRUH 5  
3 
5  
3 
5  
3 
3&/5IDFWRU 5  
3 
5  
3 
5  
3 
3&/5IDFWRU 5  
3 
5  
3 
5  
3 
3&/5IDFWRU 5  
3 
5  
3 
5  
3 
3&/5IDFWRU 5  
3 
5  
3 
5  
3 
33,B)' IDFWRURIWKH33,ȆIHDUOHVVGRPLQDQFHȇ33,B,$ IDFWRURIWKH33,ȆLPSXOVLYH
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Discussion
Correspondence of results with studies in individuals with child-psychopathy
Studies in adult psychopathic populations in general show increased activity in 
WKHYHQWUDOVWULDWXPGXULQJUHZDUGSURFHVVLQJ2QO\RQHVWXG\LQDGXOWVVKRZHG
GHFUHDVHGDFWLYLW\ LQ WKH YHQWUDO VWULDWXP .LHKO HW DO +RZHYHU WKLVZDV
GXULQJ UHZDUG SURFHVVLQJ EXW GXULQJ DIIHFWLYH PHPRU\ SURFHVVLQJ ,Q \RXWK
SV\FKRSDWKLFJURXSVLQFRQWUDVWGLIIHUHQFHVLQUHZDUGSURFHVVLQJDUHFRPPRQO\
found in orbitofrontal regions and the caudate nucleus but not in the ventral 
VWULDWXP )LQJHUHWDO)LQJHUHWDO ,PSRUWDQWO\GHFUHDVHGDFWLYLW\
EXW QR DUHDV ZLWK LQFUHDVHG DFWLYLW\ ZHUH IRXQG 7KHVH GLIIHUHQFHV EHWZHHQ
DGXOWV DQG \RXWK SV\FKRSDWKLF SRSXODWLRQV DUH VXUSULVLQJ LQ WKH FRQWH[W RI
SV\FKRSDWK\EHLQJDGHYHORSPHQWDOGLVRUGHU,QFKLOGKRRGSV\FKRSDWKLFPRGHOV
the assumption is that a disruption of circuits involved in decision making based 
RQUHLQIRUFHPHQW)LQJHUHWDO'HȴFLWVLQIRUPVRIUHLQIRUFHPHQWOHDUQLQJ
will impair socialisation due to the decreased learning from mistakes and slower 
OHDUQLQJIURPUHZDUGDQGSXQLVKPHQW,QERWKFKLOGKRRGDQGDGXOWSRSXODWLRQV
GHȴFLWVLQWKHVHIRUPVRIOHDUQLQJKDYHEHHQVKRZQZKLFKDUHFRPSOHPHQWHGE\
GDWDVKRZLQJDEQRUPDOLWLHVLQQHXUDOSURFHVVHVLQYROYHG%XGKDQL	%ODLU
%XGKDQLHWDOYRQ%RUULHVHWDO'LIIHUHQFHVPLJKWSXUHO\EHGXHWR
WKHGLIIHUHQFH LQ SDUDGLJPV1RQHRI WKHSDUDGLJPV LQZKLFK LQFUHDVHG DFWLYLW\
ZDVIRXQGLQYROYHGDOHDUQLQJWDVN7KRVHLQZKLFKGHFUHDVHGDFWLYLW\ZDVIRXQG
LQYROYHG HLWKHU D OHDUQLQJ RU DPHPRU\ WDVN 7KLVZRXOG EH LQ OLQHZLWK UHVXOWV
showing decreased error-related negativity during learning in psychopathic groups 
YRQ%RUULHV HW DO  EXW QRW GXULQJQRQOHDUQLQJ WDVNV %UD]LO HW DO 
-XVWDVWKHVLJQDO LQWKHVWULDWXPWKH(UURUUHODWHG1HJDWLYLW\LVKLJKO\UHODWHGWR
GRSDPLQH+ROUR\G	&ROHV7KLVVXJJHVWVWKDWDEQRUPDOLWLHVLQGRSDPLQH
SURFHVVLQJDUHKLJKO\WDVNRUFRQWH[WGHSHQGHQW
Correspondence of the two measures of psychopathy - the PPI and PCL-R
7KH UHVXOWV VKRZ QR FRUUHVSRQGHQFH EHWZHHQ WKH WRWDO VFRUHV RI VHOIUHSRUW
DQG FOLQLFDO PHDVXUHV RI SV\FKRSDWK\ ,Q RWKHU VWXGLHV FRUUHODWLRQV EHWZHHQ
WKH WRWDO VFRUHV UDQJHG EHWZHHQ    %HUDUGLQR 0HOR\ 6KHUPDQ 	
-DFREV%ORQLJHQHWDO (GHQV3R\WKUHVV /LOLHQIHOG	3DWULFN
3R\WKUHVV (GHQV 	 /LOLHQIHOG  ,Q WKHVH VWXGLHV 33, IDFWRU FRUUHODWLRQV
ZLWKWKHFRUUHVSRQGLQJ3&/5IDFWRUVZHUHEHWZHHQEXWZHUHORZHUDIWHU
FRQWUROOLQJ IRU VKDUHG YDULDQFH EHWZHHQ WKH 3&/5 IDFWRUV ,Q D 'XWFK VDPSOH
VRPHZKDWZHDNHUFRUUHODWLRQVZHUHIRXQGIRUIDFWRUEXWQRQHZHUHIRXQG
IRUIDFWRURIWKHWRWDOVFRUHV,PSRUWDQWO\DUHFHQWPHWDVWXG\DOVRUHYHDOHGRQO\
PRGHUDWHFRUUHODWLRQVIRUIDFWRU,QWKLVPHWDVWXG\FRUUHODWLRQVZHUHDOVRIRXQG
EHWZHHQERWKIDFWRU0DUFXV)XOWRQ	(GHQV$UHFHQWRQJRLQJGLVFXVVLRQ
EHWZHHQ/LOLHQIHOG DQG/\QDP	0LOOHU VWUHVVHV WKH LPSRUWDQFHRI
LPSXOVLYHDQWLVRFLDOLW\EXWTXHVWLRQVZKHWKHUIHDUOHVVGRPLQDQFHLVDFRUHDVSHFW
RISV\FKRSDWK\,W LVXQFOHDUZKHWKHUDEVHQFHRIFRUUHVSRQGHQFHLQWKHSUHVHQW
VDPSOHLVGXHWRVPDOOVDPSOHVL]H
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Abstract
3V\FKRSDWK\ LV DVVRFLDWHG ZLWK D SHUIRUPDQFH GHȴFLW LQ D YDULHW\ RI VWLPXOXV
UHVSRQVHDQGVWLPXOXVUHLQIRUFHPHQWOHDUQLQJSDUDGLJPV:HWHVWWKHK\SRWKHVLV
WKDW IDLOXUHV LQ HUURUPRQLWRULQJ XQGHUOLH WKHVH OHDUQLQJ GHȴFLWV:HPHDVXUHG
electrophysiological correlates of error monitoring (error-related negativity or 
(51GXULQJDSUREDELOLVWLFOHDUQLQJWDVNLQLQGLYLGXDOVZLWKSV\FKRSDWK\N 
and healthy matched control subjects (N 7KHWDVNFRQVLVWHGRIWKUHHJUDGHG
learning conditions in which the amount of learning was manipulated by varying 
WKHGHJUHHWRZKLFKWKHUHVSRQVHZDVSUHGLFWLYHRIWKHYDOXHRIWKHIHHGEDFN
%HKDYLRUDOO\ZHIRXQGLPSDLUHGOHDUQLQJDQGGLPLQLVKHGDFFXUDF\LQ
WKHJURXSRILQGLYLGXDOVZLWKSV\FKRSDWK\$PSOLWXGHVRIWKHUHVSRQVH(51ZHUH
UHGXFHG1RGLIIHUHQFHVLQWKHIHHGEDFN(51ZHUHIRXQG7KHUHVXOWVDUHLQWHUSUHWHG
LQWHUPVRIDGHȴFLWLQLQLWLDOUXOHOHDUQLQJDQGVXEVHTXHQWJHQHUDOL]DWLRQRIWKHVH
UXOHVWRQHZVWLPXOL1HJDWLYHIHHGEDFNLVDGHTXDWHO\SURFHVVHGDWDQHXUDOOHYHO
EXW WKLV LQIRUPDWLRQ LV QRW XVHG WR LPSURYH EHKDYLRU RQ VXEVHTXHQW WULDOV $V
OHDUQLQJLVGHJUDGHGWKHSURFHVVRIHUURUGHWHFWLRQDWWKHPRPHQWRIWKHDFWXDO
UHVSRQVHLVGLPLQLVKHG7KHUHIRUHWKHFXUUHQWVWXG\GHPRQVWUDWHVWKDWGLVWXUEHG
error-monitoring processes play a central role in the often reported learning 
GHȴFLWVLQLQGLYLGXDOVZLWKSV\FKRSDWK\
4.1. Introduction
,QGLYLGXDOVZLWKSV\FKRSDWK\33VKRZOLWWOHFRQFHUQDERXWWKHFRQVHTXHQFHVRI
WKHLUDFWLRQVIRURWKHUVDQGWKHPVHOYHV7KH\RIWHQVKRZSRRUSODQQLQJVNLOOVDQG
IDLOWRDYRLGEHKDYLRUVZKLFKKDYHEHHQSXQLVKHGSUHYLRXVO\+DUH7KHODWWHU
LVUHȵHFWHGLQIRUH[DPSOHWKHDPRXQWDQGW\SHVRILQFLGHQWVRFFXUULQJLQFOLQLFDO
VHWWLQJV+LOGHEUDQG+HVSHU6SUHHQ	1LMPDQDQGLQWKHLUSRRUUHVSRQVH
WR WUHDWPHQWDQGWKHKLJKUHODSVHUDWHVRIFULPLQDOEHKDYLRU 'ȇ6LOYD'XJJDQ	
0F&DUWK\
,Q OLQH ZLWK WKHVH REVHUYDWLRQV SV\FKRSDWKLF LQGLYLGXDOV VKRZ SHUIRUPDQFH
GHȴFLWV LQ GLIIHUHQW VWLPXOXVUHVSRQVH DQG VWLPXOXVUHLQIRUFHPHQW OHDUQLQJ
VLWXDWLRQV&OHFNOH\  IRXQG LQGLYLGXDOVZLWK33 WRKDYHD UHGXFHGFDSDFLW\
WR OHDUQ IURP H[SHULHQFH 2WKHU VWXGLHV KDYH GHPRQVWUDWHG DEQRUPDOO\ ORZ
OHYHOV RI DYHUVLYH OHDUQLQJ )ORU %LUEDXPHU +HUPDQQ =LHJOHU 	 3DWULFN 
LQVWUXPHQWDO OHDUQLQJ 0LWFKHOOHWDODQGDYRLGDQFH OHDUQLQJ %ODLUHWDO
 1HZPDQ	 .RVVRQ  7KH ODWWHU LV WKH SURFHVV E\ZKLFK RQH OHDUQV
that omitting a certain response will result in the termination or prevention of 
DQDYHUVLYHVWLPXOXV$GGLWLRQDOO\ LPSDLUPHQWV LQGHFLVLRQPDNLQJWRUHZDUGLQJ
DQG SXQLVKLQJ VWLPXOL KDYH EHHQ IRXQG %ODLU0RUWRQ /HRQDUG 	 %ODLU 
)XUWKHUPRUHVWXGLHVRISRVWHUURUVORZLQJWKHSKHQRPHQRQRIVORZHUUHVSRQVH
WLPHV57VIROORZLQJHUURQHRXVWULDOVKDYHVKRZQWKDWLQGLYLGXDOVZLWK33IDLOWR
XWLOL]HIHHGEDFNWRDOWHUIXWXUHUHVSRQVHV1HZPDQ)LQDOO\UHFHQWEHKDYLRUDO
GDWDIURPDSUREDELOLVWLFUHVSRQVHUHYHUVDOWDVNLQGLFDWHGWKDWLQGLYLGXDOVZLWK33
VKRZHG OHDUQLQJGHȴFLWV LQ WKHUHYHUVDOSKDVHRQO\ LQZKLFKWKHHDUOLHU OHDUQHG
UHLQIRUFHPHQW FRQWLQJHQFLHV ZHUH VXGGHQO\ UHYHUVHG %XGKDQL 5LFKHOO 	 %ODLU

7KHVH ȴQGLQJV DUH PDLQO\ LQ OLQH ZLWK WKH LQWHJUDWHG HPRWLRQ V\VWHP ,(6
LQWHUSUHWDWLRQ RI 33 %ODLU  %ODLU 0LWFKHOO 	 %ODLU  ZKLFK DVVXPHV
RUELWRIURQWDO DQG DP\JGDOD DEQRUPDOLWLHV LQ 33 7KHPRGHO SUHGLFWV LQGLYLGXDOV
ZLWK 33 WR VKRZ GHȴFLWV LQ ERWK VWLPXOXVUHLQIRUFHPHQW OHDUQLQJ LQYROYLQJ WKH
DP\JGDOD DQG LQ UHYHUVDO OHDUQLQJ VHUYHG E\ RUELWRIURQWDO DUHDV DQG EDVDO
JDQJOLD &ODUNH5REELQV	5REHUWV&RROV&ODUN2ZHQ	5REELQV
,PSRUWDQWO\ WKHPRGHOZRXOGQRWSUHGLFWGHȴFLWV LQVWLPXOXVUHVSRQVH OHDUQLQJ
DSURFHVVWKDWFUXFLDOO\UHOLHVRQSRVWHULRUPHGLDOIURQWDOFRUWH[S0)&LQFOXGLQJ
3DJH_3DJH_ ,QWURGXFWLRQ,QWURGXFWLRQ
SUH60$DQGDQWHULRUFLQJXODWHG&DUWHUHWDO
,QRXUYLHZWKHDERYHVXJJHVWVWKDWSV\FKRSDWKLFLQGLYLGXDOVKDYHGLɝFXOWLHV
LQXVLQJQHJDWLYHIHHGEDFNRUHUURULQIRUPDWLRQWRDGDSWWKHLUEHKDYLRU+ROUR\G
DQG&ROHVSURSRVHGWKHUHLQIRUFHPHQWOHDUQLQJ5/WKHRU\RISHUIRUPDQFH
PRQLWRULQJZKLFKDVVXPHVWKDWZKHQHYHURXWFRPHVDUHZRUVHWKDQH[SHFWHGDQ
HUURU VLJQDO LV FRQYH\HG IURP WKHEDVDO JDQJOLD WR WKH DQWHULRU FLQJXODWH FRUWH[
$&& 8SRQ DUULYDO RI WKLV HUURU VLJQDO LQ WKH $&& WKH HUURUUHODWHG QHJDWLYLW\
(51DQ(53FRPSRQHQWPHDVXUDEOHDWWKHVFDOSLVJHQHUDWHG&DUWHUHWDO
'HKDHQH3RVQHU	7XFNHU+ROUR\G	&ROHV+ROUR\G'LHQ	&ROHV
7KH(51QRWRQO\RFFXUVZKHQSDUWLFLSDQWVPDNHHUURUVEXWDOVRZKHQWKH\
receive feedback indicating that they gave an incorrect response (for an overview 
RQ(51DQGSHUIRUPDQFHPRQLWRULQJVHH8OOVSHUJHU	)DONHQVWHLQ
7KHRQVHWRIWKH(51FRLQFLGHVZLWKUHVSRQVHLQLWLDWLRQU(51*HKULQJ	)HQFVLN
RURFFXUVPVDIWHUWKHGHOLYHU\RIHUURUIHHGEDFNI(510LOWQHU%UDXQ
	&ROHV7KHIRUPHUUHȵHFWVLQWHUQDOHUURUVLJQDOVWKHODWWHUH[WHUQDOHUURU
VLJQDOV6WXGLHVKDYHGHPRQVWUDWHGWKDWWKH(51LVJHQHUDWHGDWWKHȴUVWPRPHQW
LQWLPHZKHQWKHHUURUFDQEHGHWHFWHG+ROUR\G	&ROHV1LHXZHQKXLVHWDO
7KXVI(51VDUHHOLFLWHGZKHQWKHQHJDWLYHIHHGEDFNLWVHOIZDVQRWRURQO\
SDUWO\SUHGLFWHGE\HDUOLHUHYHQWV7KLVLVIRUH[DPSOHWKHFDVHZKHQVXEMHFWVDUHVWLOO
OHDUQLQJWKHFRUUHFWVWLPXOXVȂUHVSRQVHPDSSLQJE\WULDODQGHUURU+RZHYHUDVWKH
V\VWHPJUDGXDOO\OHDUQVWKHVWLPXOXVUHVSRQVHPDSSLQJVXEMHFWVZLOOHYHQWXDOO\EH
DEOHWRGHWHFWHUURUVDWWKHPRPHQWRIUHVSRQVHRQVHW$WDQHOHFWURSK\VLRORJLFDO
OHYHOWKLVLVUHȵHFWHGLQWKHI(51ȆSURSDJDWLQJEDFNLQWLPHȇDQGȆEHFRPLQJȇDU(51
&RQVHTXHQWO\ ZKLOH OHDUQLQJ WDNHV SODFH U(51 DPSOLWXGHV LQFUHDVH +ROUR\G	
&ROHV
Although several studies have investigated learning in individuals with 
SV\FKRSDWKLFWUDLWVDWDEHKDYLRUDOOHYHOOHDUQLQJGHȴFLWVLQLQGLYLGXDOVGLDJQRVHG
ZLWK33KDYHQHYHUEHHQVWXGLHGLQUHODWLRQWRWKHXQGHUO\LQJHOHFWURSK\VLRORJLFDO
PDUNHUVRISHUIRUPDQFHRUHUURUPRQLWRULQJ8QWLOQRZPRVWVWXGLHVHLWKHUIRFXVHG
RQLQGLYLGXDOVZLWKEHKDYLRUDOSDWWHUQVUHODWHGWR33'LNPDQ	$OOHQ+DOO
%HUQDW	3DWULFNRULQYHVWLJDWHGDVSHFWVRIHUURUPRQLWRULQJXQUHODWHGWR
OHDUQLQJ %UD]LO HWDO 0XQURHWDO $Q LQYHVWLJDWLRQRI UHZDUGDQG
DYRLGDQFHOHDUQLQJLQORZVRFLDOL]HGLQGLYLGXDOVDFRQFHSWUHODWHGWR33.RVVRQ
	1HZPDQKDVVKRZQGLPLQLVKHGU(51DPSOLWXGHVRQO\LQWKHSXQLVKPHQW
FRQGLWLRQ 'LNPDQ 	 $OOHQ  $QRWKHU VWXG\ GHPRQVWUDWHG UHGXFHG U(51
DPSOLWXGHVLQKHDOWK\LQGLYLGXDOVVFRULQJKLJKRQH[WHUQDOL]LQJSV\FKRSDWKRORJ\
DIDFWRUFRPSDUDEOHWRWKHEHKDYLRUDOGHȴFLWFOXVWHULQLQGLYLGXDOVZLWK33+DOOHW
DO2QO\WZRVWXGLHVLQYHVWLJDWHGWKHU(51GLUHFWO\LQLQGLYLGXDOVGLDJQRVHG
ZLWK330XQURHWDOXVHGDQHXWUDODQGDQHPRWLRQDOFKRLFHUHDFWLRQWDVN
DQGIRXQGUHGXFHGU(51VLQWKHHPRWLRQDOWDVNRQO\%UD]LOHWDOUHSRUWHG
QRGLIIHUHQFHVLQU(51DPSOLWXGHEHWZHHQKHDOWK\FRQWUROVDQGLQGLYLGXDOVZLWK33
RQDQHXWUDOWDVNEXWGLGGHPRQVWUDWHSUREOHPVLQWKHFRQVFLRXVHYDOXDWLRQDQG
VLJQDOOLQJRIHUURUV7DNHQWRJHWKHU WKHVHVWXGLHVSRLQW WRZDUGV OHDUQLQJGHȴFLWV
DVVRFLDWHGZLWKDIDLOXUHWRGHWHFWDQGXVHLQWHUQDODQGH[WHUQDOHUURUVLJQDOV
7KHSUHVHQWVWXG\ZDVGHVLJQHGWRH[DPLQHWKHUHODWLRQEHWZHHQHUURUPRQLWRULQJ
DQGUHLQIRUFHPHQWOHDUQLQJLQLQGLYLGXDOVGLDJQRVHGZLWK33E\LQYHVWLJDWLQJWKH
U(51DQGI(51DQGWKHUHODWLRQVKLSEHWZHHQWKHWZRZKLOHOHDUQLQJSURJUHVVHV7R
LQYHVWLJDWHWKLVDSUREDELOLVWLFOHDUQLQJWDVNZDVXVHGLQZKLFKSDUWLFLSDQWVOHDUQHG
stimulus-response mappings based on feedback about their performance (trial and 
HUURUOHDUQLQJVHHHJ+ROUR\G	&ROHV1LHXZHQKXLV1LHOHQ0RO+DMFDN
	9HOWPDQ1LHXZHQKXLVHWDO$FUXFLDODVSHFWRIWKHWDVNLVWKDWWKH
LPSHUDWLYHVWLPXOXVSUHVHQWHGRQHDFKWULDOGLIIHUHG LQWKHGHJUHHWRZKLFKWKH
UHVSRQVHZDVSUHGLFWLYHRIWKHYDOXHRIWKHIHHGEDFN
&RPSDUHG ZLWK KHDOWK\ FRQWUROV ZH H[SHFWHG LQGLYLGXDOV ZLWK 33 WR
GLVSOD\ OHDUQLQJ GLɝFXOWLHV UHȵHFWHG EHKDYLRUDOO\ E\ UHGXFHG DFFXUDF\ DQG
HOHFWURSK\VLRORJLFDOO\E\VPDOOHUDPSOLWXGHVRIU(51I(51DQGDVORZHUSURSDJDWLRQ
LQWLPHRIWKHI(51WREHFRPHDU(51
3DJH_3DJH_ 0HWKRGVDQGPDWHULDO0HWKRGVDQGPDWHULDO
4.2. Methods and material
4.2.1. Participants
7KLUWHHQPDOH YLROHQW RIIHQGHUV EHWZHHQ  DQG  \HDUV RI DJH PHDQ DJH  
SD GLDJQRVHGZLWKDSV\FKRSDWK\VFRUHRIȲDFFRUGLQJWRWKH+DUH
3V\FKRSDWK\&KHFN /LVW5HYLVHG 3&/5 +DUH ZHUH VHOHFWHG IURP WKH LQ
SDWLHQW SRSXODWLRQRI D IRUHQVLF SV\FKLDWULF LQVWLWXWH LQ 7KH1HWKHUODQGV1 (mean 
3&/5VFRUH SD (GXFDWLRQDO OHYHOZDVFRGHGDFFRUGLQJWRWKH'XWFK
HGXFDWLRQDOV\VWHP SULPDU\HGXFDWLRQ VHFRQGDU\HGXFDWLRQ KLJKHU
HGXFDWLRQPHDQHGXFDWLRQSDWLHQWV PHDQHGXFDWLRQFRQWUROV (LJKWHHQ
KHDOWK\PDOHFRQWUROVPDWFKHGIRUDJHPHDQDJH SD HGXFDWLRQDOOHYHO
and without criminal records or a history of psychiatric disorders were recruited 
E\DGYHUWLVHPHQW3DUWLFLSDQWVLQERWKJURXSVZHUHFKHFNHGIRUGUXJXVHDQGIRU
PHGLFDOQHXURORJLFDOKLVWRU\([FOXVLRQFULWHULDZHUH8VHRIDOFRKRO!XQLWVGD\
GXULQJLQWKHZHHNSUHFHGLQJWKHH[SHULPHQWDOPHDVXUHDQGXVHRIDOFRKROZLWKLQ
24 h of the measurement; use of cannabis or other illicit drugs within the week 
EHIRUHPHDVXUHPHQWDQGXVHRISV\FKRWURSLFPHGLFDWLRQRWKHU WKDQR[D]HSDP
GXULQJ WKH  GD\V EHIRUH PHDVXUHPHQW 8VH RI R[D]HSDP ZLWKLQ  K EHIRUH
PHDVXUHPHQWVPRNLQJZLWKLQKEHIRUHPHDVXUHPHQW+LVWRU\RIWUDXPDFDSLWLV
YLVXDO DQG DXGLWLYH GLVRUGHUV QHXURORJLFDO GLVRUGHUV ȴUVW GHJUHH UHODWLYH ZLWK
DQ\UHOHYDQWQHXURORJLFDOGLVRUGHUV7KHVWXG\ZDVDSSURYHGE\WKHORFDO0HGLFDO
(WKLFDO&RPPLWWHHDQGFDUULHGRXWLQDFFRUGDQFHZLWKWKH'HFODUDWLRQRI+HOVLQNL
4.2.2. Task and Procedure
3DUWLFLSDQWV UHFHLYHG ZULWWHQ LQIRUPDWLRQ DERXW WKH H[SHULPHQW DQG VLJQHG DQ
LQIRUPHGFRQVHQWEHIRUHEHLQJVFUHHQHGIRUSV\FKLDWULFH[FOXVLRQFULWHULDE\WUDLQHG
SV\FKRORJLVWV XVLQJ WKH 6&,',, 9DQ *URHQHVWLMQ $NNHUKXLV .XSND 6FKQHLGHU
	1ROHQDQG0,1, 9DQ9OLHW /HUR\	YDQ0HJHQ7KHSV\FKLDWULF
H[FOXVLRQFULWHULD LQFOXGHGGHSUHVVLYHGLVRUGHUELSRODUGLVRUGHU VFKL]RSKUHQLD
 7KH3RPSHVWLFKWLQJLVDȊ7%6FOLQLFȋORFDWHGLQ1LMPHJHQ7%6LVDGLVSRVDOWREHWUHDWHGRQ
behalf of the state for people who committed serious criminal offences in connection with 
KDYLQJDPHQWDOGLVRUGHU7%6LVQRWDSXQLVKPHQWEXWDQHQWUXVWPHQWDFWIRUPHQWDOO\
GLVRUGHUHGRIIHQGHUV GLPLQLVKHG UHVSRQVLELOLW\ 7KHVH FRXUWRUGHUVDUHDQDOWHUQDWLYH
WRHLWKHUORQJWHUPLPSULVRQPHQWRUFRQȴQHPHQWLQSV\FKLDWULFKRVSLWDOZLWKWKHJRDOWR
VWULNHDEDODQFHEHWZHHQVHFXULW\WUHDWPHQWDQGSURWHFWLRQ
VFKL]RDIIHFWLYH GLVRUGHU VFKL]RSKUHQLIRUP GLVRUGHU GHOXVLRQDO DQG RWKHU
SV\FKRWLFGLVRUGHUVVFKL]RLGRUVFKL]RW\SLFDOSHUVRQDOLW\GLVRUGHUFXUUHQWDOFRKRO
DQGVXEVWDQFHLQWR[LFDWLRQȴUVWGHJUHHUHODWLYHVZLWK'60,9$[LV,VFKL]RSKUHQLD
RUVFKL]RSKUHQLIRUPGLVRUGHU3DUWLFLSDQWVSHUIRUPHGWKHH[SHULPHQWDOWDVNDQG
UHFHLYHGDȴQDQFLDOUHLPEXUVHPHQW$GGLWLRQDOO\DOOVXEMHFWVUHFHLYHGWKHERQXV
PRQH\HDUQHGGXULQJWKHH[SHULPHQW
3DUWLFLSDQWV SHUIRUPHG D SUREDELOLVWLF OHDUQLQJ WDVN UHTXLULQJ D WZRFKRLFH
GHFLVLRQWRDQLPSHUDWLYHYLVXDOVWLPXOXV+ROUR\G	&ROHVVHHFigure 4.1.
)ROORZLQJ HDFK UHVSRQVH D IHHGEDFN VWLPXOXV UHSUHVHQWLQJ UHZDUG LQIRUPDWLRQ
was presented informing participants whether their response was correct (green 
GROODUVLJQVFHQWVLQFRUUHFWUHGGROODUVLJQVFHQWVRUWRRODWHDFKHUU\
FHQWV
7KHDPRXQWRIOHDUQLQJSRVVLEOHZDVPDQLSXODWHGLQWKUHHGLIIHUHQWFRQGLWLRQV
DQGE\YDU\LQJWKHGHJUHHWRZKLFKWKHUHVSRQVHZDVSUHGLFWLYH
RIWKHYDOXHRIWKHIHHGEDFN)RUVWLPXOLLQWKHFRQWUROFRQGLWLRQWKHYDOXHRI
WKHIHHGEDFNZDVXQFRUUHODWHGZLWKWKHVHOHFWHGUHVSRQVHPDNLQJ LW LPSRVVLEOH
WR OHDUQVWLPXOXVUHVSRQVHPDSSLQJV,QWKHDQGOHDUQLQJFRQGLWLRQV
SDUWLFLSDQWVFRXOGOHDUQWKHVWLPXOXVUHVSRQVHPDSSLQJVWRYDU\LQJGHJUHHV
,Q HDFK H[SHULPHQWDO EORFN D QHZ VHW RI VL[ GLIIHUHQW VWLPXOL IRU WDVN DQG
VWLPXOXV GHWDLOV VHH 1LHXZHQKXLV HW DO  1LHXZHQKXLV HW DO   LH
WZRIRUHDFKFRQGLWLRQZDVSUHVHQWHG7KHWZRVWLPXOLIURPWKHFRQGLWLRQ
congruently mapped to either the left or the right response button throughout the 
HQWLUHEORFN)RUWZRVWLPXOLIHHGEDFNZDVGHOLYHUHGUDQGRPO\FRQGLWLRQ2I
WKHWZRUHPDLQLQJVWLPXOLRQHUHTXLUHGDOHIWEXWWRQSUHVVLQȆYDOLGȇEXW
DULJKWEXWWRQSUHVVLQRIWKHWULDOVȆLQYDOLGȇDQGYLFHYHUVDIRUWKHRWKHU
VWLPXOL
3DUWLFLSDQWVVWDUWHGZLWKDERQXVRI(XURVDQGZHUHLQIRUPHGDERXWWKH
VWDWXVRIWKLVERQXVDWWKHHQGRIHDFKEORFN7KHDLPZDVWRLQIHUWKHȴQDQFLDOO\
PRVWEHQHȴFLDOVWUDWHJ\E\WULDODQGHUURU)LUVWSDUWLFLSDQWVFRPSOHWHGDSUDFWLFH
EORFNRIWULDOVIROORZHGE\IRXUH[SHULPHQWDOEORFNVRIWULDOVHDFK7KHVL[
VWLPXOLLQHDFKEORFNZHUHSUHVHQWHGUDQGRPO\WLPHVHDFKFigure 4.1. depicts 
GHWDLOVDERXWWULDOGXUDWLRQZKLFKDUHLGHQWLFDOWRSUHYLRXVVWXGLHVXVLQJWKHVDPH
SDUDGLJP +ROUR\G	&ROHV1LHXZHQKXLVHWDO 1LHXZHQKXLVHWDO
20
3DJH_3DJH_ 0HWKRGVDQGPDWHULDO0HWKRGVDQGPDWHULDO
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Figure 4.1. 7ULDOGHWDLOVIRUDFRUUHFWDQGLQFRUUHFWWULDO(DFKWULDOVWDUWHGZLWKWKH
SUHVHQWDWLRQRIWKHLPSHUDWLYHVWLPXOXVIRUPVDEODQNVFUHHQZLWKȴ[DWLRQ
FURVVPVWKHSUHVHQWDWLRQRIDIHHGEDFNVWLPXOXVPVDQGDEODQNVFUHHQ
ZLWKDȴ[DWLRQFURVVPV)RUHDFKLPSHUDWLYHVWLPXOXVRQHRIWZREXWWRQVKDG
WREHSUHVVHGZLWKWKHLQGH[ȴQJHUULJKWRUOHIW$UHVSRQVHGHDGOLQHPV
ZDVKDQGOHG WR HQVXUH WKDW SDUWLFLSDQWVPDGHHQRXJKHUURUV LQ WKH HDV\
OHDUQLQJFRQGLWLRQ
4.2.3. Electrophysiological recording
$4XLFN$PSDPSOLȴHU%UDLQSURGXFWV0XQLFK*HUPDQ\ZLWKDQ$FWL&DSV\VWHP
KROGLQJDFWLYHHOHFWURGHVZDVXVHGIRUGDWDDFTXLVLWLRQ((*ZDVUHFRUGHGDW
DVDPSOLQJUDWHRI+]DQGUHIHUHQFHGWR WKH OHIWHDUEXWZDVUHUHIHUHQFHG
RɞLQHWRWKHDYHUDJHRIERWKHDUV6LJQDOVZHUHȴOWHUHGRɞLQHXVLQJDEDQGSDVV
ȴOWHURI+]
4.2.4. Data analysis
7ULDOVZLWK57VPVRU!PVZHUHH[FOXGHGIURPWKHDQDO\VHVSD 
 )RUWKH(53DQDO\VHVVLQJOHWULDOHSRFKVZHUHH[WUDFWHGUHODWLYHWRWKH
SUHVHQWDWLRQRIWKHIHHGEDFNVWLPXOXVIRUWKHI(51VDQGUHODWLYHWRWKHUHVSRQVH
IRUWKHU(516LQJOHWULDOHOHFWURHQFHSKDORJUDSK\((*VLJQDOVZHUHFRUUHFWHGIRU
(2*DUWLIDFWV*UDWWRQ&ROHV	'RQFKLQDQGDYHUDJHGIRUHDFKVXEMHFWDQG
FRQGLWLRQVHSDUDWHO\XVLQJDPVSUHUHVSRQVHIHHGEDFNEDVHOLQH
,QOLQHZLWKSUHYLRXVVWXGLHVXVLQJWKHFXUUHQWSDUDGLJP+ROUR\G	&ROHV
1LHXZHQKXLVHWDO1LHXZHQKXLVHWDOGLIIHUHQFHZDYHVZHUHFUHDWHG
by subtracting the individual averages for correct responses/feedback from the 
LQGLYLGXDO DYHUDJHV IRU LQFRUUHFW UHVSRQVHVIHHGEDFN 7KH U(51 DPSOLWXGH ZDV
GHȴQHG DV WKHPRVW QHJDWLYH SHDN RI WKH UHVSRQVHORFNHG GLIIHUHQFH ZDYHV DW
HOHFWURGH&] LQDZLQGRZRIPV GH%UXLMQ 6FKXERW]	8OOVSHUJHU 
)RUWKHI(51DZLQGRZRIPVGH%UXLMQ+XOVWLMQ9HUNHV5XLJW	6DEEH
GH%UXLMQHWDO0DUVGH%UXLMQ+XOVWLMQ0LOWQHU	&ROHVRQWKH
IHHGEDFNORFNHGGLIIHUHQFHZDYHVZDVFKRVHQ
$QDO\VHV ZHUH FRQGXFWHG XVLQJ UHSHDWHG PHDVXUHV *HQHUDO /LQHDU 0RGHOV
*/0VZLWK JURXS SV\FKRSDWKV FRQWUROV DV DEHWZHHQ VXEMHFW IDFWRU DQG WKH
IROORZLQJDVSRVVLEOHZLWKLQVXEMHFWIDFWRUVEORFNKDOIȴUVW%+DGVHFRQG%+
EORFNDQGFRQGLWLRQ'HSHQGLQJRQWKHLQGHSHQGHQWYDULDEOHHQWHUHG
LQWR WKH*/0 WKHQXPEHURI OHYHOV IRU WKH IDFWRU FRQGLWLRQYDULHG )LUVW WR WHVW
WKHYDOLGLW\RIRXUGHVLJQDOOIRXUOHYHOVYDOLGLQYDOLGZHUH
HQWHUHG6HFRQGWRLQYHVWLJDWHOHDUQLQJSURFHVVHVLQPRUHGHWDLOWKHWZROHDUQLQJ
FRQGLWLRQV  DQG  ZHUH DQDO\]HG E\ PHDQV RI D UHSHDWHG PHDVXUHV
*/0ZLWKJURXSDVDEHWZHHQVXEMHFWIDFWRUDQG%+DQG%+DQGFRQGLWLRQDV
ZLWKLQVXEMHFW IDFWRUV%HFDXVH DQ\ UHVSRQVHORFNHGHUURUUHODWHG DFWLYLW\ LQ WKH
 FRQGLWLRQ LV NQRZQ WR UHVXOW IURP UDQGRP ȵXFWXDWLRQV LQ WKH ((* VLJQDO
1LHXZHQKXLVHWDO 1LHXZHQKXLVHWDO DQG OHDUQLQJFDQQRWRFFXU
ZH H[FOXGHG WKLV FRQGLWLRQ IURP WKH DQDO\VHV 1RWH WKDW IRU WKH U(51 DQDO\VHV
WKHIDFWRU ȆFRQGLWLRQȇ LQFOXGHVWKHFRQGLWLRQEXW WKDWQRGLVWLQFWLRQ LVPDGH
EHWZHHQYDOLGDQGLQYDOLGWULDOVDVWKHDFWXDOYDOLGLW\RIDWULDOLQWKHFRQGLWLRQ
LVXQNQRZQWRWKHVXEMHFWXQWLOWKHPRPHQWRIIHHGEDFN
3DJH_3DJH_ 5HVXOWV5HVXOWV
4.3. Results
Behavioral results
&RQȴUPLQJ WKH YDOLGLW\ RI RXU GHVLJQ DQ RYHUDOO DQDO\VLV RI FRQGLWLRQ 
YDOLGLQYDOLGDQGUHYHDOHGWKDWDFFXUDF\ZDVKLJKHVWLQWKH
FRQGLWLRQV IROORZHG E\ WKH  YDOLG FRQGLWLRQ DQG ORZHVW LQ WKH  LQYDOLG
condition (F p$FFXUDF\LQWKHFRQGLWLRQZDVDURXQG
chance level (see Figure 4.2.
$QDQDO\VLVRIWKHWZROHDUQLQJFRQGLWLRQVDQGYDOLGLQFOXGLQJEORFN
half revealed no overall group differences between psychopathic individuals and 
controls in accuracy (F p +RZHYHUWKHVLJQLȴFDQWLQWHUDFWLRQ
EHWZHHQ FRQGLWLRQDQGJURXS VKRZHG WKDW FRPSDUHG WR FRQWUROVSV\FKRSDWKLF
VXEMHFWVZHUHOHVVDFFXUDWHLQWKHFRQGLWLRQEXWQRWLQWKHYDOLGFRQGLWLRQ
(F p 3ODQQHGFRPSDULVRQVE\PHDQVRIDQLQGHSHQGHQWt-test 
FRQȴUPHGWKLV WZRWDLOHG tWHVW t p YDOLG t 
p $FFXUDF\ZDVKLJKHULQWKHVHFRQGEORFNKDOIWKDQLQWKHȴUVWF
 pDQGWKLVZDVWKHVDPHIRUERWKJURXSVF p 
7KHLQWHUDFWLRQEHWZHHQFRQGLWLRQDQGEORFNKDOIUHYHDOHGWKDWWKHLQFUHDVH
LQDFFXUDF\ZLWKEORFNKDOIZDVPRUHSURQRXQFHGIRUWKHFRQGLWLRQ
WKDQIRUWKHYDOLGFRQGLWLRQF p 0RVWLPSRUWDQWO\
WKHWKUHHZD\LQWHUDFWLRQEHWZHHQFRQGLWLRQEORFNKDOIDQGJURXSVKRZHGDFOHDU
WUHQGWRZDUGVVLJQLȴFDQFHF p 3V\FKRSDWKLFLQGLYLGXDOVVKRZ
OHVVLQFUHDVHLQDFFXUDF\EHWZHHQEORFNKDOYHVIRUWKHFRQGLWLRQFRPSDUHG
WRFRQWUROVEXWDVWHHSHULQFUHDVHEHWZHHQEORFNKDOYHVLQWKHYDOLGFRQGLWLRQ
(see Table 4.1.Figure 4.2.7KHVHHIIHFWVZHUHFRQȴUPHGE\SODQQHGLQGHSHQGHQW
t-tests (two-tailed tWHVW%+t p %+t p 
 YDOLG%+t p t p 
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Figure 4.2. BeKDYLRUDODFFXUDF\IRULQGLYLGXDOVZLWKSV\FKRSDWK\33DQGFRQWUROV
IRU HDFK FRQGLWLRQ DQG WKH WZR EORFN KDOYHV %+ JUH\ %+ EODFN (UURU EDUV
LQGLFDWHVWDQGDUGHUURUV0HDQDPSOLWXGHVIRUWKHU(51DQGI(51IRUHDFKRIWKH
WZRJURXSVHDFKFRQGLWLRQDQGWKHWZREORFNKDOYHV(UURUEDUVLQGLFDWHVWDQGDUG
HUURUV
Table 4.1. 0HDQSHUFHQWDJHFRUUHFWUHVSRQVHVDQGVWDQGDUGGHYLDWLRQVIRUHDFK
JURXSFRQGLWLRQDQGERWKEORFNKDOYHVVHSDUDWHO\DQGDFURVVEORFNKDOYHVWRWDO
Condition 33JURXS1  &RQWUROJURXS1 
Block 
Half 1
Block 
Half 2
7RWDO Block 
Half 1
Block 
Half 2
7RWDO
&RUUHFWSD &RUUHFWSD
      
YDOLG      
      
LQYDOLG      
3DJH_3DJH_ 5HVXOWV5HVXOWV
7RH[DPLQHDFTXLVLWLRQDQGJHQHUDOL]DWLRQRIOHDUQLQJUXOHVLQWKHWZROHDUQLQJ
FRQGLWLRQV  DQG  YDOLG ZH LQYHVWLJDWHG DFFXUDF\ SHU EORFN $FFXUDF\
increased with each block (F pDOOFRQWUDVWVpZLWKRXW
an interaction between block and group (F     p    3ODQQHG
FRPSDULVRQVVKRZHGWKDWLQGLYLGXDOVZLWK33KDGORZHUDFFXUDF\LQWKHȴUVWEORFN
but not in the fourth (F p VHHFigure 4.3.
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Figure 4.3. $YHUDJHDPRXQWRIFRUUHFWUHVSRQVHVLQWKHWZROHDUQLQJFRQGLWLRQV
DQGYDOLGIRUFRQWURODQGSV\FKRSDWKLFLQGLYLGXDOV33VHSDUDWHO\IRU
HDFKEORFN(UURUEDUVLQGLFDWHVWDQGDUGHUURUV
(53ȴQGings
Feedback ERN (fERN)
,QOLQHZLWKSUHYLRXVVWXGLHV1LHXZHQKXLVHWDO1LHXZHQKXLVHWDO
FRPSDULVRQ RI I(51 DPSOLWXGHV EHWZHHQ FRQGLWLRQV UHYHDOHG WKDW DPSOLWXGHV
ZHUH ODUJHVW LQ WKH LQYDOLGFRQGLWLRQ LQZKLFKQHJDWLYH IHHGEDFNZDVPRVW
XQH[SHFWHGIROORZHGE\WKHFRQGLWLRQWKHYDOLGFRQGLWLRQDQGȴQDOO\WKH
FRQGLWLRQF p DOOFRQWUDVWpVHHFigure 4.2. and 
Figure 4.4.
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Figure 4.4. *UDQG DYHUDJH I(51 GLIIHUHQFH ZDYHV LQFRUUHFW IHHGEDFN PLQXV
FRUUHFWIHHGEDFNIRUWKHFRQWUROJURXSVROLGOLQHDQGWKHJURXSRISV\FKRSDWKV
GDVKHGOLQHIRUHOHFWURGHVLWH&]DQGDOOIRXUFRQGLWLRQVYDOLGDQG
LQYDOLG)HHGEDFNZDVJLYHQDWPVIHHGEDFNHUURUUHODWHGQHJDWLYLW\I(51
LVLQGLFDWHGE\WKHDUURZ
)RUWKHI(51LQWKHOHDUQLQJFRQGLWLRQYDOLGLQYDOLGDQGZHGLG
QRWȴQGDQ\GLIIHUHQFHVLQI(51DPSOLWXGHVEHWZHHQJURXSVRUEORFNKDOIQRUDQ
interaction between the two (all ps!VHHFigure 4.2. and Figure 4.4. for mean 
DPSOLWXGHV
Response ERN (rERN)
&RPSDULVRQRIU(51DPSOLWXGHVUHYHDOHGDPDLQHIIHFWRI&RQGLWLRQF 
pDOOFRQWUDVWpȱ$PSOLWXGHVZHUHODUJHVWLQWKHFRQGLWLRQ
IROORZHGE\WKHFRQGLWLRQDQGYLUWXDOO\DEVHQWLQWKHFRQGLWLRQVHHFigure 
4.2. and Figure 4.5. for mean amplitudes and SDV
3DJH_3DJH_ 'LVFXVVLRQ5HVXOWV0
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Figure 4.5. *UDQG DYHUDJH (53 GLIIHUHQFH ZDYHV LQFRUUHFW UHVSRQVHV PLQXV
FRUUHFWUHVSRQVHVRIWKHDQGWKHFRQGLWLRQIRUWKHFRQWUROJURXS
VROLGOLQHDQGWKHJURXSRISV\FKRSDWKVGDVKHGOLQHDWHOHFWURGH&]5HVSRQVHV
ZHUHJLYHQDWPV
)RUWKHU(51LQWKHOHDUQLQJFRQGLWLRQVDQGZHIRXQGDPDLQHIIHFW
for Group (F p DQGDPDLQHIIHFWIRUEORFNKDOI F 
p VHHFigure 4.2. and Figure 4.5. for means and SDV7KHLQWHUDFWLRQ
EHWZHHQFRQGLWLRQDQGEORFNKDOIUHYHDOHGWKDWDPSOLWXGHVLQWKHFRQGLWLRQ
ZHUHODUJHULQEORFNKDOIWKDQLQEORFNKDOIEXWVXFKDGLIIHUHQFHZDVSUHVHQWWR
DOHVVHUH[WHQWRUDEVHQWLQWKHFRQGLWLRQF p 7KLVZDV
FRQȴUPHGE\PHDQVRIDSDLUHGtWHVWWZRWDLOHGU(51%+ȂU(51%+t
 p U(51%+ȂU(51%+t p 
 7KH VLJQLȴFDQW LQWHUDFWLRQ EHWZHHQ JURXS DQG FRQGLWLRQ VKRZHG WKDWZKLOH
DPSOLWXGHVLQWKHFRQGLWLRQGLGQRWGLIIHUEHWZHHQJURXSVVXEMHFWVZLWK33
GLVSOD\HGVPDOOHUDPSOLWXGHVLQWKHFRQGLWLRQF p 0RVW
LPSRUWDQWO\WKHLQWHUDFWLRQEHWZHHQJURXSDQGEORFNKDOIZDVVLJQLȴFDQWF
 p LQGLFDWLQJWKDWVXEMHFWVZLWK33VKRZHGDVPDOOHUGLIIHUHQFHLQ
DPSOLWXGHVEHWZHHQEORFNKDOIDQGFRPSDUHGZLWKFRQWUROVXEMHFWV)LQDOO\WKH
WKUHHZD\LQWHUDFWLRQEHWZHHQJURXSFRQGLWLRQDQGEORFN+DOIZDVQRWVLJQLȴFDQW
(F p 
4.4. Discussion
7KHSUHVHQWVWXG\UHYHDOHGWKDW LQGLYLGXDOVZLWK33VKRZHG ORZHUDFFXUDF\ LQD
UHLQIRUFHPHQWOHDUQLQJ SDUDGLJP )XUWKHUPRUH GLPLQLVKHG UHVSRQVH (51 EXW
QRUPDOIHHGEDFN(51DPSOLWXGHVZHUHIRXQGLQSV\FKRSDWKLFLQGLYLGXDOV
7KHFXUUHQWVWXG\LQYHVWLJDWHGWKHUHODWLRQEHWZHHQHUURUPRQLWRULQJDQGOHDUQLQJ
LQ LQGLYLGXDOVZLWKSV\FKRSDWK\ DQGKHDOWK\ FRQWUROV $W DQ HOHFWURSK\VLRORJLFDO
OHYHOSV\FKRSDWKLF LQGLYLGXDOVVKRZHGVLPLODUUHVSRQVHVDVFRQWUROV WRQHJDWLYH
H[WHUQDO IHHGEDFN UHȵHFWHG LQ WKH I(51+RZHYHU LQGLYLGXDOVZLWKSV\FKRSDWK\
GLG GLVSOD\ SUREOHPV LQ XVLQJ WKLV VLJQDO WR RSWLPL]H SHUIRUPDQFH ZKLFK ZDV
UHȵHFWHG LQ ERWK WKHEHKDYLRUDO DQG WKH HOHFWURSK\VLRORJLFDO GDWD %HKDYLRUDOO\
SDWLHQWVVKRZHGUHGXFHGDFFXUDF\LQWKHOHDUQLQJFRQGLWLRQEXWQRWLQWKH
OHDUQLQJFRQGLWLRQ$GGLWLRQDOO\WKH33JURXSKDGDOHVVHULQFUHDVHLQDFFXUDF\
EHWZHHQEORFNKDOYHVLQWKHOHDUQLQJFRQGLWLRQDQGWKHDFFXUDF\UDWHDQDO\VHV
RYHUEORFNVGHPRQVWUDWHG WKDW LQGLYLGXDOVZLWK33KDG VSHFLȴFSUREOHPV LQ WKH
LQLWLDO OHDUQLQJSKDVH LQ WKHȴUVW EORFN EXWQRW LQ WKH ODWHUEORFNV ,PSRUWDQWO\
diminished learning was also associated with the compromised propagation of the 
I(51WREHFRPHDU(517KLVZDVPDLQO\UHȵHFWHGLQDGLPLQLVKHGLQFUHDVHLQU(51
DPSOLWXGHVZKLOHOHDUQLQJSURJUHVVHG
Behavioral Findings
7RPDVWHUWKHSUHVHQWWDVNRQHKDVWROHDUQWKHSULQFLSOHUXOHVDQGDSSO\WKHVH
WRQHZSLFWXUHV LQVXEVHTXHQWEORFNV7KHUHIRUHDFFXUDF\LVH[SHFWHGWREHORZ
LQ WKH LQLWLDO OHDUQLQJ SKDVH WKH ȴUVW EORFN EXW WR LQFUHDVH UDSLGO\ GXULQJ WKH
JHQHUDOL]DWLRQSURFHVVODWHUEORFNV:KLOHWKLVSDWWHUQZDVIRXQGLQERWKJURXSV
LQGLYLGXDOVZLWK33VKRZHGGLPLQLVKHGDFFXUDF\GXULQJWKHȴUVWEORFNVXJJHVWLQJ
DGHȴFLWLQLQLWLDOUXOHOHDUQLQJ6LPLODUDFFXUDF\OHYHOVLQWKHODVWEORFNVXJJHVWWKDW
psychopathic individuals do reach the same performance level as healthy controls 
EXWQHHGPRUHWLPHWRGRVR
2I QRWH GLIIHUHQFHV LQ DFFXUDF\ ZHUH RQO\ IRXQG LQ WKH HDVLHVW OHDUQLQJ
FRQGLWLRQDQGQRWIRUWKHPRUHGLɝFXOWFRQGLWLRQ2QHH[SODQDWLRQIRUWKLV
ȴQGLQJLVEDVHGRQWKHVRFDOOHGORZIHDUK\SRWKHVLVRISV\FKRSDWK\/\NNHQ
7KHORZIHDUK\SRWKHVLVDVVXPHVWKDWSV\FKRSDWKLFLQGLYLGXDOV are insensitive to 
SXQLVKPHQWGXH WR D ORZ OHYHO RI IHDU )XUWKHUPRUH VRPH VWXGLHV VXJJHVW WKDW
SXQLVKPHQWEDVHGOHDUQLQJLVPRUHLPSDLUHGLQ33WKDQUHZDUGEDVHGOHDUQLQJ%ODLU
3DJH_3DJH_ 'LVFXVVLRQ'LVFXVVLRQ
HWDO,IZHDVVXPHWKDWVXEMHFWVZLWK33DUHLPSDLUHGLQOHDUQLQJEDVHGRQ
QHJDWLYHIHHGEDFNVXEMHFWVZLWK33ZLOOXVHVXEVWDQWLDOO\OHVVWULDOVWROHDUQIURP
WKDQFRQWUROVXEMHFWVLQWKHFRQGLWLRQ7KLVWKHQOHDGVWRDKLJKHUDPRXQWRI
XQFHUWDLQW\ZKLFKLQWXUQOHDGVWROHVVDFFXUDWHUHVSRQGLQJ,QWKHFRQGLWLRQ
RQWKHRWKHUKDQGDFFXUDF\GRHVQRWSXUHO\GHSHQGRQWKHDPRXQWRIIHHGEDFN
LQIRUPDWLRQXVHG,QWKLVFRQGLWLRQDFFXUDF\LQFUHDVHVLIRQHUHDFWVDVLIWKLVZDV
DFRQGLWLRQLJQRULQJWKHLQYDOLGXQSUHGLFWDEOHWULDOV3HUIRUPDQFHWKXV
depends on how many valid trials are processed as useful information and how 
PXFKRIWKHLQYDOLGLQIRUPDWLRQLVLJQRUHG7KHUHIRUHLWGRHVQRWGHSHQGRQWKH
WRWDODPRXQWRIIHHGEDFNLQIRUPDWLRQXVHGEXWRQWKHSURSRUWLRQRIYDOLGYHUVXV
LQYDOLG IHHGEDFN WKDW LV XVHG WR OHDUQ WKH UXOH 7KLV LV QRW DIIHFWHG LQ 33ZKLFK
H[SODLQVZK\WKH\VKRZWKHVDPHOHYHOVRIDFFXUDF\LQWKLVFRQGLWLRQ
Impaired learning under conditions of reward and punishment in psychopathic 
LQGLYLGXDOVKDVEHHQVKRZQEHIRUH)RUH[DPSOHSV\FKRSDWKLFLQGLYLGXDOVVKRZHG
LPSDLUPHQWVLQSDVVLYHDYRLGDQFHOHDUQLQJ%ODLUHWDO1HZPDQ	.RVVRQ
DQGRQDGLIIHUHQWLDOUHZDUGSXQLVKPHQWWDVN%ODLUHWDO
&RQWUDU\ WR WKH SUHVHQW UHVXOWV %XGKDQL 5LFKHOO DQG %ODLU  IRXQG QR
acquisition problems in psychopathic individuals during the initial learning phase 
RI D SUREDELOLVWLF UHVSRQVHUHYHUVDO WDVN +RZHYHU VRPH LPSRUWDQW GLIIHUHQFHV
EHWZHHQWKHUHVSRQVHUHYHUVDOWDVNE\%XGKDQLHWDODQGWKHSUHVHQWWDVN
H[LVWWKDWPD\H[SODLQWKHGLIIHUHQWRXWFRPHV)LUVWWKHFXUUHQWWDVNLQYROYHGPRUH
FRPSOH[ OHDUQLQJ PDWHULDO EHFDXVH ZH LQFOXGHG WKUHH GLIIHUHQW UHLQIRUFHPHQW
FRQWLQJHQFLHVZKHUHDV%XGKDQLHWDOLQFOXGHGRQO\WZR6HFRQGWKHWRWDO
QXPEHURIVWLPXOXVUHVSRQVHDVVRFLDWLRQVWREHOHDUQHGLQRXUVWXG\ZDV,QWKH
UHVSRQVHUHYHUVDOWDVNRI%XGKDQLHWDORQO\VL[VWLPXOLKDGWREHDVVRFLDWHG
ZLWKD UHVSRQVH7KLUG WKHLU WDVNKDGQR57UHVWULFWLRQZKLOH WKHSUHVHQWVWXG\
HPSOR\HG D GHDGOLQH RI  PV ,W VHHPV SODXVLEOH WKDW WKHVH GLIIHUHQFHV LQ
FRPSOH[LW\ODUJHO\DFFRXQWIRUWKHGLYHUJHQWȴQGLQJVRIWKHWZRVWXGLHV0RUHRYHU
WKHGLIIHUHQFHVFUXFLDOO\GHPRQVWUDWH WKDWSRVVLEOH LPSDLUPHQWV LQ33PD\RQO\
EHFRPHHYLGHQWLQPRUHFRPSOH[VLWXDWLRQVDQGPLJKWEHPLVVHGLQOHss demanding 
WDVNV
(OHFWURSK\VLRORJLFDOȴQGLQJV
$FFRUGLQJWRWKH5/WKHRU\+ROUR\G	&ROHVWKHI(51HOLFLWHGE\QHJDWLYH
IHHGEDFN LVXVHG WRXSGDWHDQG OHDUQ WKHHDUOLHVWSUHGLFWRURISXQLVKPHQW 7KH
HUURUVLJQDO LVFDUULHGWRSRVWHULRUPHGLDO IURQWDOFRUWH[S0)&ZKHUH LW LVXVHG
DVDUHLQIRUFHPHQWOHDUQLQJVLJQDOJXLGLQJWKHDGDSWDWLRQRIEHKDYLRU$OWKRXJK
LQGLYLGXDOV ZLWK 33 VKRZ LQWDFW SURFHVVLQJ RI H[WHUQDO QHJDWLYH IHHGEDFN DW DQ
HOHFWURSK\VLRORJLFDO OHYHO WKH\GRQRW VHHP WRRSWLPDOO\XVH WKHHUURU VLJQDO WR
IRUPDQLQWHUQDOWHPSODWHRIWKHUXOHVVWLPXOXVUHVSRQVHPDSSLQJVDWKDQG,Q
RUGHU IRU D U(51 WRRFFXU GHWHFWLRQRI DPLVPDWFKEHWZHHQH[SHFWHGDQG UHDO
RXWFRPH KDV WR WDNH SODFH +ROUR\G 	 &ROHV  3UHUHTXLVLWH IRU WKLV LV DQ
LQWHUQDO WHPSODWH RI WKH UXOHV WRZKLFK WKH FXUUHQW EHKDYLRU FDQ EH FRPSDUHG
$V QR LQWHUQDO WHPSODWH LV IRUPHG D FRPSDULVRQ EHWZHHQ UHDO DQG H[SHFWHG
RXWFRPH FDQQRWEHPDGHDQGKHQFH OHDUQLQJ  UHȵHFWHG LQ DGDSWLYHEHKDYLRU 
LV FRPSURPLVHG 7KH UHGXFHG U(51 DPSOLWXGH WKXV UHȵHFWV KLJKHU XQFHUWDLQW\
GXHWRGLPLQLVKHGOHDUQLQJDWDQHOHFWURSK\VLRORJLFDO OHYHO 3DLOLQJ	6HJDORZLW]
,WKDVEHHQGHPRQVWUDWHGWKDWSHUIRUPDQFHRILQGLYLGXDOVZLWK33LQFHUWDLQ
OHDUQLQJSDUDGLJPV LVPRGXODWHGE\UHZDUGEXWQRWE\SXQLVKPHQW %ODLUHWDO
$GGLWLRQDOO\LWKDVEHHQVKRZQWKDWORZVRFLDOL]HGLQGLYLGXDOVDWUDLWFORVHO\
UHODWHG WR 33 VKRZGLPLQLVKHG U(51V XQGHU FRQGLWLRQV RI SXQLVKPHQW EXW QRW
UHZDUG'LNPDQ	$OOHQ:LWKUHJDUGWRWKHFXUUHQWWDVN LQGLYLGXDOVZLWK
33PLJKWKDYHOHDUQHGEDVHGRQUHZDUGFXHVEXWQRWRQSXQLVKPHQWFXHVZKLFK
leads to diminished learning performance due to the fact that only part of the trials 
WKHUHZDUGHGEXWQRWSXQLVKHGDUHXVHGWRDGDSWEHKDYLRU
$QHDUOLHU LQYHVWLJDWLRQRI WKH U(51 LQ LQGLYLGXDOVGLDJQRVHGZLWK33RXWVLGH
D OHDUQLQJ FRQWH[W 0XQUR HW DO  UHSRUWHG QR LQGLFDWLRQV IRU GLPLQLVKHG
DPSOLWXGHV (YHQ WKRXJK %UD]LO HW DO  UHSOLFDWHG WKLV ȴQGLQJ DW DQ
HOHFWURSK\VLRORJLFDO OHYHO WKHLU EHKDYLRUDO GDWD GHPRQVWUDWHG SUREOHPV LQ
HUURU VLJQDOLQJ LQ LQGLYLGXDOV ZLWK 33 7KLV VXJJHVWV WKDW U(51 DPSOLWXGHV DUH
RQO\GHFUHDVHGLQ33ZKHQUHODWHGWRH[SOLFLWEHKDYLRUDODGDSWDWLRQVRUOHDUQLQJ
SURFHVVHVEXWQRWLQWKHFRQWH[WRIVLPSOHHUURUGHWHFWLRQLQDQHXWUDOWDVN
3DJH_3DJH_ 5HIHUHQFHV'LVFXVVLRQ
Integration
,QWHUHVWLQJO\WKHFXUUHQWO\IRXQGOHDUQLQJGHȴFLWVLQLQGLYLGXDOVZLWK33ZRXOGQRW
KDYH EHHQ SUHGLFWHG E\ WKH ,QWHJUDWHG (PRWLRQ 6\VWHP ,(6 %ODLU HW DO 
K\SRWKHVLV RI 33 7KH ,(6 LQWHUSUHWDWLRQ SURSRVHV WKDW DQ XQGHUO\LQJ DP\JGDOD
GHȴFLW %ODLU  .LHKO HW DO  3ULGPRUH &KDPEHUV 	 0F$UWKXU 
leads to impairments in stimulus-reinforcement associations but not in stimulus-
UHVSRQVHDVVRFLDWLRQV LQ LQGLYLGXDOVZLWK33+RZHYHUZKLOHWKHDP\JGDODSOD\V
DFHQWUDOUROHLQWKHȴUVWSURFHVVRWKHUEUDLQVWUXFWXUHVDUHLQYROYHGLQWKHODWWHU
SURFHVV )XQFWLRQDO PDJQHWLF UHVRQDQFH LPDJLQJ I05, DQG (53 VWXGLHV XVLQJ
VLPLODUSDUDGLJPVDVWKHFXUUHQWRQHKDYHGHPRQVWUDWHGDFUXFLDOUROHIRUS0)&
LQFOXGLQJ$&&DQGSUH60$+ROUR\GHWDO0DUVHWDODQGWKHEDVDO
JDQJOLD+ROUR\G	&ROHV8OOVSHUJHU	YRQ&UDPRQLQOHDUQLQJIURP
HUURUV&XUUHQWO\ WKH ,(6 LQWHUSUHWDWLRQRI 33GRHVQRW LQFOXGH WKHVHSURFHVVHV
DQGEUDLQDUHDVDQGKHQFHGRHVQRWDOORZIRUDQ\VSHFLȴFSUHGLFWLRQVWREHPDGH
7KHUHIRUH ZH DUJXH WKDW IRU D EHWWHU XQGHUVWDQGLQJ RI WKH OHDUQLQJ GHȴFLWV LQ
33QHXURFRJQLWLYHPRGHOVVKRXOGDGGLWLRQDOO\IRFXVRQWKHDUHDVLQYROYHGLQWKH
SURFHVVLQJRILQWHUQDODQGH[WHUQDOHUURUPHVVDJHVDQGWKHVXEVHTXHQWDGDSWDWLRQ
RIEHKDYLRU
7R VXPPDUL]H RXU UHVXOWV LQGLFDWH WKDW OHDUQLQJ IURP QHJDWLYH IHHGEDFN
LV FRPSURPLVHG LQ 33 7KHVH UHVXOWV DUH VXSSRUWHG E\ ERWK EHKDYLRUDO DQG
HOHFWURSK\VLRORJLFDOGDWD'HYLDQFLHVLQHUURUSURFHVVLQJPD\SOD\DFUXFLDOUROHLQ
WKHOHDUQLQJGHȴFLHQFLHVDVVRFLDWHGZLWK337KH,(6LQWHUSUHWDWLRQRI33SUHGLFWV
GHȴFLWV LQ FHUWDLQ IRUPV RI OHDUQLQJ EXW GRHV QRW UHODWH WKHVH GHȴFLWV WR WKH
SURFHVVLQJRIHUURUV)XUWKHUPRUHZKLOHWKHPRGHOLQFOXGHVDVSHFWVRIVWLPXOXV
UHVSRQVH OHDUQLQJ DQG VWLPXOXVUHLQIRUFHPHQW OHDUQLQJ DVSHFWV RI LQWHUQDO DQG
H[WHUQDO HUURU SURFHVVLQJ UHOHYDQW WR WULDO DQG HUURU OHDUQLQJ DUH QRW LQFOXGHG
7KLVGLIIHUHQWLDWLRQEHWZHHQOHDUQLQJSURFHVVHVDOVRȴWVZLWKDPRUHUHFHQWPRGHO
RIGHFLVLRQPDNLQJSURSRVHGE\5XVKZRUWKDQGFROOHDJXHV  LQZKLFK WKH
2)& $&& DQG WKH DP\JGDOD DUH SDUW RI D QHXUDO QHWZRUN LQYROYHG LQ OHDUQLQJ
DFWLRQPRQLWRULQJDQGVRFLDOEHKDYLRU2XUGDWDVXJJHVWVWKDWH[WHQGLQJWKH,(6
LQWHUSUHWDWLRQWRLQFOXGHHUURUPRQLWRULQJDQGDUHDVLQYROYHGLQHUURUPRQLWRULQJ
LQDGGLWLRQWRPRUHGLYHUVHIRUPVRIOHDUQLQJPD\OHDGWRDEURDGHUXQGHUVWDQGLQJ
RIWKHUHODWLRQVKLSEHWZHHQOHDUQLQJDQG33
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Abstract
2SWLPDOEHKDYLRUGHSHQGVRQWKHDELOLW\WRDVVHVVWKHSUHGLFWLYHYDOXHRIHYHQWV
DQGWRDGMXVWEHKDYLRUDFFRUGLQJO\2XWFRPHSURFHVVLQJFDQEHVWXGLHGE\XVLQJ
LWV HOHFWURSK\VLRORJLFDO VLJQDWXUHV LH WKH IHHGEDFNUHODWHGQHJDWLYLW\ )51 DQG
WKH3$SURPLQHQWUHLQIRUFHPHQWOHDUQLQJPRGHOSUHGLFWVDQ)51RQQHJDWLYH
SUHGLFWLRQHUURUVLPSOLHVDUROHRIWKH)51LQOHDUQLQJDQGDGDSWDWLRQRIEHKDYLRU
+RZHYHUWKHVHSUHGLFWLRQVKDYHUHFHQWO\EHHQFKDOOHQJHG1RWDEO\VWXGLHVVRIDU
KDYHXVHGWDVNVLQZKLFKWKHRXWFRPHVDUHFRQWLQJHQWRQWKHUHVSRQVH,QWKHVH
SDUDGLJPV WKHQHHG WRDGDSWEHKDYLRUDO UHVSRQVHV LVRQO\SUHVHQW IRUQHJDWLYH
EXWQRWIRUSRVLWLYHIHHGEDFN7KHJRDORIWKHSUHVHQWVWXG\LVWRLQYHVWLJDWHHIIHFWV
RIERWKSRVLWLYHDVZHOODVQHJDWLYHYLRODWLRQVRIH[SHFWDQF\RQ)51DPSOLWXGHV
ZLWKRXWWKHXVXDOFRQIRXQGIRUEHKDYLRUDODGMXVWPHQWV$UHYHUVDOOHDUQLQJWDVNZDV
HPSOR\HGLQZKLFKRXWFRPHYDOXHDQGRXWFRPHH[SHFWDQF\ZHUHRUWKRJRQDOL]HG
LHERWKSRVLWLYHDQGQHJDWLYHSUHGLFWLRQHUURUVZHUHHTXDOO\XQH[SHFWHG5HVXOWV
UHYHDOHGDGRXEOHGLVVRFLDWLRQZLWKHIIHFWVRIYDOHQFHEXWQRWH[SHFWDQF\RQWKH
)51 DQG FRQYHUVHO\ HIIHFWV RI H[SHFWDQF\ EXW QRW YDOHQFH RQ WKH 3:KLOH
)51 DPSOLWXGHV DUH ODUJHVW IRU QHJDWLYH RXWFRPH WULDOV LUUHVSHFWLYH RI RXWFRPH
H[SHFWDQF\3DPSOLWXGHVDUHODUJHVWRQXQH[SHFWHGRXWFRPHWULDOVLUUHVSHFWLYH
RIRXWFRPHYDOHQFH7KHVH)51HIIHFWVDUHLQWHUSUHWHGWRUHȵHFWDQHYDOXDWLRQDORQJ
DJRRGEDGGLPHQVLRQUDWKHUWKDQUHȵHFWLQJDQHJDWLYHSUHGLFWLRQHUURURUDUROH
LQEHKDYLRUDODGDSWDWLRQ%\FRQWUDVWWKH3UHȵHFWVWKHXSGDWLQJRILQIRUPDWLRQ
UHOHYDQWIRUEHKDYLRULQDFKDQJLQJFRQWH[W
5.1. Introduction
2SWLPDO EHKDYLRU GHSHQGV RQ WKH DELOLW\ WR HYDOXDWH RXWFRPHV RI HYHQWV DQG
DFWLRQVDQG WRDGMXVWEHKDYLRUDFFRUGLQJO\5HVHDUFKFRQFHUQHGZLWK WKHQHXUDO
DQG FRJQLWLYH PHFKDQLVPV XQGHUO\LQJ RXWFRPH HYDOXDWLRQ KDV EHHQ JURZLQJ
$FFXPXODWLQJHYLGHQFHVXJJHVWVWKDWSRVWHULRUPHGLDOIURQWDOFRUWH[S0)&ȂDQG
DQWHULRUFLQJXODWHFRUWH[$&&LQSDUWLFXODUȂLVLQYROYHGLQHUURUGHWHFWLRQRUWKH
HYDOXDWLRQRISRRUSHUIRUPDQFH5LGGHULQNKRI8OOVSHUJHU&URQH	1LHXZHQKXLV
2XWFRPHSURFHVVLQJFDQEHVWXGLHVE\XVLQJRQHRILWVHOHFWURSK\VLRORJLFDO
VLJQDWXUHV LH WKH IHHGEDFNUHODWHG QHJDWLYLW\ )51 $FFRUGLQJ WR +ROUR\G DQG
&ROHVWKH)51UHȵHFWVDGRSDPLQHGHSHQGHQWUHLQIRUFHPHQWOHDUQLQJ5/
VLJQDOZKLFKLVWUDQVPLWWHGWRS0)&WRJXLGHDFWLRQVHOHFWLRQ,QGHHGGRSDPLQH
LVZHOODFFHSWHG WREH LQYROYHG LQ WKHHYDOXDWLRQRIRQJRLQJHYHQWVDQGDFWLRQV
DVZHOODVLQWKHSUHGLFWLRQRIWKHLUFRQVHTXHQFHVSRVLWLYHRUQHJDWLYHRXWFRPHV
EDVHGRQSDVW H[SHULHQFHV 6FKXOW] :KHQ WKHVH SUHGLFWLRQV DUH YLRODWHG
IRU WKH EHWWHU D SKDVLF LQFUHDVH LQ PLGEUDLQ GRSDPLQHUJLF DFWLYLW\ LV LQGXFHG
ZKLOHRXWFRPHVZRUVHWKDQH[SHFWHGLQGXFHDSKDVLFGLSLQGRSDPLQHUJLFDFWLYLW\
7KLV 5/ VLJQDO RU SUHGLFWLRQ HUURU LV WKRXJKW WREHXVHGE\ WKHEDVDO JDQJOLD WR
LPSURYHWKHTXDOLW\RIIXWXUHSUHGLFWLRQVDQGDFWLRQV&ULWLFDOO\DFFRUGLQJWRWKLV
WKHRU\ WKH GRSDPLQHUJLF HUURU VLJQDO LV DOVR FRQYH\HG WR WKH $&& ZKLFK DFWV
DVDPRWRUFRQWUROȴOWHU7KHDUULYDORIWKHGRSDPLQHUJLFHUURUVLJQDODWWKH$&&
KDVEHHQDUJXHG WRHOLFLW WKHHUURU IHHGEDFN UHODWHGQHJDWLYLW\ )51DQHYHQW
UHODWHGSRWHQWLDO (53SHDNLQJDWIURQWRFHQWUDOHOHFWURGHVLWHV+ROUR\G	&ROHV
 +ROUR\G1LHXZHQKXLV <HXQJ 	 &RKHQ  6WXGLHV XVLQJ I05, RU WKH
FRPELQDWLRQRI((*DQGI05,KDYHSURYLGHGVXSSRUWIRUWKHDVVXPSWLRQWKDWWKH
)51LVJHQHUDWHGLQWKHS0)&$&&'HEHQHUHWDO+ROUR\GHWDO0DUV
HWDO%DVHGRQWKLVPRGHODPSOLWXGHVRIWKH)51VKRXOGVFDOHZLWKYLRODWLRQ
RIH[SHFWDQF\LHDQHJDWLYHSUHGLFWLRQHUURU7KH5/PRGHOWKXVSUHGLFWVDQ)51
RQ QHJDWLYH IHHGEDFN WULDOV RQO\ DQG ODUJHU )51V IRU XQH[SHFWHG FRPSDUHG WR
H[SHFWHGRXWFRPHWULDOV,QOLQHZLWKWKLV LWZDVVKRZQWKDW LQDWLPHHVWLPDWLRQ
WDVN LWZDV IRXQG WKDW WKH )51 LV VHQVLWLYH WR H[SHFWDQF\ +ROUR\G	 .ULJROVRQ
DQGLVODUJHVWIRUQHJDWLYHSUHGLFWLRQHUURUVFRPSDUHGWRSRVLWLYHSUHGLFWLRQ
HUURUV /LDR *UDPDQQ )HQJ 'H£.	 /L  3IDELJDQ $OH[RSRXORV %DXHU 	
6DLOHU6LPLODUHIIHFWVZHUHIRXQGXVLQJDOHDUQLQJWDVN%HOOHEDXP3ROH]]L
3DJH_3DJH_ ,QWURGXFWLRQ,QWURGXFWLRQ
	'DXP
)XUWKHUPRUHWKHPRGHOLPSOLHVDUROHRIWKH)51LQOHDUQLQJDQGDGDSWDWLRQRI
EHKDYLRU7KLVDVVXPSWLRQZDVVXSSRUWHGE\DVWXG\IURP&RKHQDQG5DQJDQDWK
LQZKLFKWKH)51SUHGLFWHGRXWFRPHEDVHGDGMXVWPHQWVLQEHKDYLRUIROORZLQJ
QHJDWLYHIHHGEDFNE\DVWXG\E\YDQGHU+HOGHQHWDOZKLFKGHPRQVWUDWHG
WKDW)51DPSOLWXGHVSUHGLFWZKHWKHUDQHUURUZLOOEHUHSHDWHGRUQRWDQGE\D
WLPHHVWLPDWLRQVWXG\LQZKLFKWKH)51ZDVVKRZQWREHUHODWHGWRFKDQJHVLQWDVN
SHUIRUPDQFH+ROUR\G	.ULJROVRQ
5HFHQWO\ WKH HUURUVSHFLȴFLW\ RI WKH )51 KDV EHHQ FKDOOHQJHG 2OLYHLUD
0F'RQDOG	*RRGPDQ2OLYHLUDHWDOKDYHVKRZQWKDWWKH)51FDQ
DOVREHHOLFLWHGE\RXWFRPHVWKDWDUHEHWWHUWKDQH[SHFWHGLHSRVLWLYHIHHGEDFN
ZKHQDSHUVRQH[SHFWHGQHJDWLYHIHHGEDFN7KLVZRUNVXJJHVWVWKDWWKH)51DUH
not selectively involved in error processing but are involved in a more general 
SHUIRUPDQFH PRQLWRULQJ V\VWHP WKDW LV DFWLYDWHG E\ YLRODWLRQV RI H[SHFWDQF\
ZKLFKFDQEHHLWKHUZRUVHRUEHWWHUWKDQH[SHFWHG7KLV LVJHQHUDOO\ LQ OLQHZLWK
UHFHQWQRWLRQVWKDWWKH$&&DQGS0)&DUHLQYROYHGQRWRQO\LQHUURURUSXQLVKPHQW
SURFHVVLQJ EXW DOVR LQ UHZDUG SURFHVVLQJ 5XVKZRUWK :DOWRQ .HQQHUOH\ 	
%DQQHUPDQ5XVKZRUWK
,QDGGLWLRQWKHUROHRIWKH)51LQFRGLQJEHKDYLRUDOFKDQJHKDVEHHQFKDOOHQJHG
E\&KDVHHWDOZKRVKRZHGWKDWEHKDYLRUDODGDSWDWLRQGXULQJSUREDELOLVWLF
UHYHUVDO OHDUQLQJ ZDV QRW DFFRPSDQLHG E\ DQ )51 EXW UDWKHU E\ DQRWKHU (53
FRPSRQHQWNQRZQDVWKH3%\FRQWUDVWWKH)51EXWQRWWKH3VLJQDOHGD
UHZDUGSUHGLFWLRQHUURU7KH3LVDQRWKHUZHOOVWXGLHG(53FRPSRQHQWNQRZQ
WREHLQYROYHGLQSURFHVVLQJXQH[SHFWHGEXWWDVNUHOHYDQWLQIRUPDWLRQ7KH3LV
DVWLPXOXVORFNHG(53FRPSRQHQWSHDNLQJDURXQGPVDIWHUWKHRXWFRPH
SUHVHQWDWLRQDWSRVWHULRUSDULHWDOVLWHV ,QJHQHUDO WKH3 LV WKRXJKW WRUHȵHFW
DWWHQWLRQDOUHDOORFDWLRQWRDQHZWDVNUHOHYDQWVWLPXOXVLHXSGDWLQJRIDVWLPXOXV
UHSUHVHQWDWLRQ'RQFKLQ	&ROHV,WLVHOLFLWHGZKHQDVWLPXOXVLVQRW
in line with a currently held set of assumptions about the environment and thus 
OHDGVWRDPRGLȴFDWLRQRIWKHVHDVVXPSWLRQV8QH[SHFWHGHYHQWVFDOOIRUXSGDWLQJ
RIUHSUHVHQWDWLRQVDQGDUHWKXVDFFRPSDQLHGE\ODUJHU3DPSOLWXGHV'XQFDQ
-RKQVRQ	'RQFKLQ+DMFDN+ROUR\G0RVHU	6LPRQV+DMFDN0RVHU
+ROUR\G	6LPRQV&ODLPVKDYHEHHQPDGH WKDW WKH)51DQG3FRGH
IRU GLIIHUHQW DVSHFWV RI RXWFRPH HYDOXDWLRQ <HXQJ 	 6DQIH\  +RZHYHU
UHVXOWVDUHDPELJXRXV ,WKDVEHHQVKRZQWKDW WKH3FRPSRQHQW LVVHQVLWLYH
WRWKHPDJQLWXGHRIWKHUHZDUG6DWRHWDO<HXQJ	6DQIH\EXWDOVR
WRWKHSUREDELOLW\RIDQRXWFRPH'XQFDQ-RKQVRQ	'RQFKLQ+DMFDNHWDO
+DMFDNHWDO2WKHUVWXGLHVKDYHVKRZQWKDWLWLVVHQVLWLYHWRUHZDUG
YDOHQFHDQGPDJQLWXGH,WR/DUVHQ6PLWK	&DFLRSSR<HXQJ+ROUR\G	
&RKHQ7DNHQWRJHWKHUVWXGLHVVXJJHVWVRPHRYHUODSEHWZHHQWKHDVVXPHG
IXQFWLRQDOLW\ RI WKHVH WZR FRPSRQHQWV ,Q WKH SUHVHQW VWXG\ ZH KDYH XVHG D
SDUDGLJPWKDWHQDEOHVXVWRGLVHQWDQJOHHIIHFWVRIYDOHQFHDQGH[SHFWDQF\RQ)51
DQG3)XUWKHUPRUHWKHSDUDGLJPZDVGHVLJQHGWRDYRLGYDOHQFHHIIHFWVWREH
FRQIRXQGHGE\WKHQHHGWRDGDSWEHKDYLRU
,QJHQHUDOVWXGLHVLQYHVWLJDWLQJWKH)51DQG3KDYHXVHGWDVNVLQZKLFKWKH
RXWFRPHVDUHFRQWLQJHQWRQWKHUHVSRQVH,QWKHVHSDUDGLJPVWKHQHHGWRDGDSW
EHKDYLRUDOUHVSRQVHV LVRQO\SUHVHQW IRUQHJDWLYHEXWQRW IRUSRVLWLYH IHHGEDFN
7KXVYDOHQFHHIIHFWVSRVLWLYHYHUVXVQHJDWLYHSUHGLFWLRQHUURUDUHFRQIRXQGHGE\
WKHQHHGIRUEHKDYLRUDODGMXVWPHQW
7KH JRDO RI WKH SUHVHQW VWXG\ ZDV WR LQYHVWLJDWH HIIHFWV RI ERWK SRVLWLYH DV
ZHOO DV QHJDWLYH YLRODWLRQV RI H[SHFWDQF\ RQ )51DPSOLWXGHVZLWKRXW WKHXVXDO
FRQIRXQG IRUEHKDYLRUDO DGMXVWPHQWV 7RDFKLHYH WKLVZHKDYHXVHGD UHYHUVDO
OHDUQLQJ WDVN LQ ZKLFK ERWK SRVLWLYH DV ZHOO DV QHJDWLYH XQH[SHFWHG IHHGEDFN
VLJQDOHGWKHQHHGIRUEHKDYLRUDODGDSWDWLRQ$FFRUGLQJO\WKHGHJUHHRIRXWFRPH
H[SHFWDQF\ DQG WKH QHHG IRU EHKDYLRUDO DGDSWDWLRQ ZHUH PDWFKHG H[DFWO\ IRU
SXQLVKPHQW DQG UHZDUG HYHQWV 7KLV GHVLJQ SURYLGHV D XQLTXH RSSRUWXQLW\ WR
LQYHVWLJDWHZKHWKHU WKH )51 LV LQYROYHG LQ EHKDYLRUDO DGMXVWPHQW RUZKHWKHU LW
LV VSHFLȴFDOO\ VHQVLWLYH WR YDOHQFH ,Q WKH WDVN VXEMHFWV KDYH WR OHDUQ VWLPXOXV
outcome mappings through observation and were asked to predict whether a 
VSHFLȴFVWLPXOXVZRXOG OHDG WR UHZDUGRUSXQLVKPHQW&RQVHTXHQWO\RXWFRPHV
GHSHQGHGRQWKHVWLPXOXVKLJKOLJKWHGLQGHSHQGHQWRIWKHUHVSRQVHJLYHQDQGWKXV
GLGQRWLQGLFDWHGLUHFWO\ZKHWKHUUHVSRQVHVDUHFRUUHFWLQFRUUHFW,QRUGHUWRNQRZ
ZKHWKHUDJLYHQUHVSRQVHZDVFRUUHFWSDUWLFLSDQWVKDGWRFRPSDUHWKHRXWFRPH
VWLPXOXV WR WKHLURZQSUHGLFWLRQ )RUH[DPSOH LI D VXEMHFWKDGSUHGLFWHG WKDWD
JLYHQVWLPXOXVZRXOGOHDGWRDSXQLVKPHQWRXWFRPHEXWDUHZDUGRXWFRPHZDV
VKRZQDVWKHDFWXDORXWFRPHWKHQWKLVLQGLFDWHGDPLVPDWFKLHHUURUEHWZHHQ
3DJH_3DJH_ 0HWKRGV0HWKRGV
SUHGLFWLRQDQGRXWFRPHDQGZRXOGFDOOIRUDFKDQJHLQSUHGLFWLRQWKHQH[WWLPH
WKLV VWLPXOXVZDV VKRZQ ,IKRZHYHUDSXQLVKPHQWRXWFRPHZDVSUHGLFWHGDQG
WKH DFWXDO RXWFRPHZDV D SXQLVKPHQW WKHQ WKLVZRXOG LQGLFDWH DPDWFK (YHQ
WKRXJKLQWKLVFDVHWKHRXWFRPHLVDSXQLVKPHQWWKLVZRXOGQRWFDOOIRUDFKDQJH
LQ SUHGLFWLRQ ,Q WKLV H[DPSOH SRVLWLYH RXWFRPHV WKXV VLJQDOHG WKH QHHG IRU
EHKDYLRUDODGDSWDWLRQ1RWHWKDWWKLVLVGLIIHUHQWIURPSUHYLRXVH[SHULPHQWVZKHUH
WKHRXWFRPHXVXDOO\GHSHQGHGGLUHFWO\RQWKHUHVSRQVHJLYHQ$VDUHVXOWLQWKRVH
SUHYLRXVVWXGLHVSRVLWLYHYLRODWLRQVRIH[SHFWDWLRQVGLGQRW WULJJHU WKHQHHG IRU
EHKDYLRUDODGDSWDWLRQWRWKHVDPHH[WHQWDVGLGQHJDWLYHYLRODWLRQVWKXVFUHDWLQJD
SRVVLEOHFRQIRXQG,QWKHFXUUHQWVWXG\KRZHYHURXWFRPHVZLOOQRWGHSHQGRQWKH
response - but on the stimulus highlighted - thereby enabling us to test separate 
HIIHFWVRIRXWFRPHYDOHQFHDQGH[SHFWDQF\
,IWKH)51UHȵHFWVYLRODWLRQRIH[SHFWDWLRQLQGHSHQGHQWRIYDOHQFHDVVXJJHVWHG
E\2OLYHLUDHWDOWKHQ)51DPSOLWXGHVVKRXOGEHFRPSDUDEOHDFURVVRXWFRPH
YDOHQFHFRQGLWLRQV%\FRQWUDVWWKH5/WKHRU\RI+ROUR\GDQG&ROHVSUHGLFWVODUJHU
)51DPSOLWXGHVLQUHVSRQVHWRRXWFRPHVWKDWDUHZRUVHWKDQH[SHFWHGUHODWLYHWR
WKRVHWKDWDUHEHWWHUWKDQH[SHFWHG7RGLVHQWDQJOHWKHVHK\SRWKHVHVZHIRFXVHG
RXUDQDO\VHVRQWKHPDLQHIIHFWVDQGLQWHUDFWLRQEHWZHHQRXWFRPHYDOHQFHDQG
RXWFRPHH[SHFWDQF\
5.2. Methods
5.2.1. Participants
1LQHWHHQSDUWLFLSDQWVZHUHWHVWHG7ZRSDUWLFLSDQWVPDGHPRUHWKDQHUURUV
PRUH WKHQ  VWDQGDUG GHYLDWLRQV IURP WKH PHDQ DQG ZHUH H[FOXGHG IURP
IXUWKHUDQDO\VHV6HYHQWHHQVWXGHQWVRUHPSOR\HHVIURPWKH5DGERXG8QLYHUVLW\
1LMPHJHQZHUHLQFOXGHGLQWKHGDWDDQDO\VHVPHQULJKWKDQGHGPHDQDJH
 \HDUVROGSD \HDUVDJHUDQJH\HDUVROG([FOXVLRQFULWHULDZHUH
SV\FKLDWULFDQGRUQHXURORJLFDOGLVHDVH3DUWLFLSDQWVUHFHLYHGDȴQDQFLDOLQFHQWLYH
for participation and gave written informed consent in a manner approved by the 
ORFDOHWKLFVFRPPLWWHHRQUHVHDUFKLQYROYLQJKXPDQSDUWLFLSDQWV&02
5.2.2. Task and Procedure
Task
3DUWLFLSDQWV FRPSOHWHG D UHYHUVDO OHDUQLQJ WDVN IRU PRUH GHWDLOV VHH &RROV
$OWDPLUDQR 	 'ȇ(VSRVLWR  &RROV 5RELQVRQ 	 6DKDNLDQ  LQ ZKLFK
VWLPXOXVRXWFRPH DVVRFLDWLRQV KDG WR EH IRUPHG 6XEMHFWV ZHUH WROG WKDW WKH\
ZRXOGEHREVHUYLQJDVLPSOHFDUGJDPHZLWKWZRFDUGVSOD\HGE\VRPHRQHHOVH
2QH FDUGZDV DVVRFLDWHGZLWKZLQQLQJPRQH\ WKH RWKHUZLWK D ORVV DQG WKHVH
UHZDUGUXOHVZRXOGFKDQJHHYHU\QRZDQGWKHQ7KH\ZHUHH[SOLFLWO\WROGWKDWWKH
VWLPXOXVRXWFRPHPDSSLQJ FRXOG FKDQJH VRPHWLPHV $V REVHUYHUV RI WKH FDUG
JDPHVXEMHFWVZHUHDEOHWRVHHWKHSOD\HUVȇIDFHVLQUHVSRQVHWRWKHRXWFRPHDQG
could thus deduct which card leads to winning money (indicated by a happy face 
RIWKHSOD\HUDQGZKLFKZRXOGOHDGWRDORVVRIPRQH\LQGLFDWHGE\DIHDUIXOIDFH
RIWKHSOD\HU,QHDFKWULDOWKHFDUGSOD\HUVHOHFWVRQHRIWKHWZRFDUGV7KHWDVN
of the subject was to predict if the chosen card would lead to winning or losing 
PRQH\ZKLFKFRXOGEHYHULȴHGRQWKHEDVLVRIWKHIDFLDOH[SUHVVLRQRIWKHSOD\HU
If they noted that the reward rules were switched they would have to adjust their 
SUHGLFWLRQVDFFRUGLQJO\7KH\ZHUHWKXVFOHDUO\LQVWUXFWHGZKDWDKDSS\IDFHIHDUIXO
IDFHLQGLFDWHG$GGLWLRQDOO\LWZDVPDGHH[SOLFLWWKDWWKHIDFHVGLGQRWLQIRUPWKHP
DERXWWKHFRUUHFWQHVVRIWKHLURZQSUHGLFWLRQEXWPHUHO\LQGLFDWHGWKHRXWFRPH
RIWKHJDPH3DUWLFLSDQWVWKXVGLGQRWZLQPRQH\WKHPVHOYHVEXWZHUHREVHUYLQJ
RWKHUVZLQQLQJPRQH\2QHDFKWULDOVXEMHFWZHUHSUHVHQWHGZLWKWZRVWLPXOL D
SLFWXUHRIDFRZDQGDSLFWXUHRIDWUDFWRUSUHVHQWHGIRUPVDWWKHWRSDQG
ERWWRPRIWKHVFUHHQFigure 5.1.RQHRIZKLFKZDVKLJKOLJKWHGVXUURXQGHGE\
DEODFNERUGHU2QHRIWKHVHVWLPXOLZDVDVVRFLDWHGZLWKDKDSS\IDFHZKLOHWKH
RWKHUZDVDVVRFLDWHZLWKDIHDUIXOIDFH LQDGHWHUPLQLVWLFIDVKLRQ6XEMHFWVZHUH
asked to predict whether the highlighted stimulus would lead to a happy or a fearful 
IDFHZLWKLQDPVUHVSRQVHGHDGOLQH7KH\LQGLFDWHGWKHLURXWFRPHSUHGLFWLRQ
E\SUHVVLQJRQHRIWZREXWWRQVRQDEXWWRQER[ZLWKWKHLUULJKWRUOHIWLQGH[ȴQJHU
IRUGHWDLOVRIWKHLQVWUXFWLRQVVHH&RROVHWDO2XWFRPHUHVSRQVHPDSSLQJV
LHKDSS\ȂOHIWDQGIHDUIXOȂULJKWYHUVXVKDSS\ȂULJKWDQGIHDUIXOȂOHIWZHUH
FRXQWHUEDODQFHGEHWZHHQVXEMHFWV$IWHUUHVSRQGLQJWKHRXWFRPHZDVSUHVHQWHG
7KLVRXWFRPHFRQVLVWHGRISLFWXUHRIHLWKHUDKDSS\RUIHDUIXOIDFHSUHVHQWHGDWWKH
FHQWUHRIWKHVFUHHQ)RUHDFKHPRWLRQRQHPDOHDQGRQHIHPDOHIDFHZDVFKRVHQ
3DJH_3DJH_ 0HWKRGV0HWKRGV
IURPWKHIDFLDODFWLRQFRGLQJV\VWHP(NPDQ	)ULHVHQ)HPDOHDQGPDOH
SLFWXUHVZHUHSUHVHQWHGHTXDOO\RIWHQ LQD UDQGRPRUGHU7KHRXWFRPHGLGQRW
GHSHQGRQZKLFKUHVSRQVHZDVPDGHEXWUDWKHURQZKLFKVWLPXOXVZDVKLJKOLJKWHG
$FFRUGLQJO\WKHRXWFRPHGLGQRWVHUYHDVGLUHFWSHUIRUPDQFHIHHGEDFN,QRUGHU
WRPLQLPL]HWKHSHUFHSWLRQRIRXWFRPHVDVSHUIRUPDQFHIHHGEDFNZHLQVHUWHGD
PVLQWHUYDOEHWZHHQWKHUHVSRQVHDQGWKHRXWFRPH,QWHUWULDOLQWHUYDOVZHUH
MLWWHUHGEHWZHHQPV
'XULQJ WKH WDVN VWLPXOXVRXWFRPH FRQWLQJHQFLHV ZHUH UHYHUVHG IUHTXHQWO\
GHSHQGLQJRQWKHDWWDLQPHQWRIWKHOHDUQLQJFULWHULRQZKLFKYDULHGEHWZHHQWR
 FRQVHFXWLYH FRUUHFW UHVSRQVHV WRSUHYHQWSUHGLFWDELOLW\RI UHYHUVDOV 5HYHUVDOV
ZHUHVLJQDOHGWR WKHSDUWLFLSDQWE\HLWKHUDQXQH[SHFWHGKDSS\IDFH SUHVHQWHG
DIWHUDVWLPXOXVWKDWZDVSUHYLRXVO\IROORZHGE\DIHDUIXOIDFHRUDQXQH[SHFWHG
fearful face (presented after a stimulus that was previously followed by a happy 
IDFH6XEMHFWVKDG WRDGMXVW WKHLUSUHGLFWLRQVRQ WKH WULDO LPPHGLDWHO\DIWHU WKH
XQH[SHFWHGRXWFRPHWKHVRFDOOHGVZLWFKWULDO7KHVWLPXOXVWKDWZDVKLJKOLJKWHG
on this switch trial was identical to the stimulus highlighted on the previous 
XQH[SHFWHG RXWFRPH WULDO 7KLV HQVXUHG WKDW GHPDQGV IRU UHVSRQVH DOWHUQDWLRQ
ZHUHPDWFKHGEHWZHHQFRQGLWLRQV2QWULDOVLPPHGLDWHO\DIWHUDFRUUHFWO\SUHGLFWHG
H[SHFWHGWULDOVVXEMHFWVGLGQRWKDYHWRDGMXVWWKHLUSUHGLFWLRQVWKHVRFDOOHGQRQ
VZLWFKWULDOV
(DFK SDUWLFLSDQW SHUIRUPHG D SUDFWLFH EORFN ZKLFK ZDV UHSHDWHG XQWLO RQH
successful switch trial was performed (the same learning criterion as in the 
H[SHULPHQWDOEORFNVZDVKDQGOHG7ULDOVGXULQJWKHSUDFWLFHEORFNZHUHLGHQWLFDO
WRWKHH[SHULPHQWDOWULDOV1H[WSDUWLFLSDQWVSHUIRUPHGIRXUH[SHULPHQWDOEORFNV
HDFKFRQVLVWLQJRIWULDOVaPLQXWHVDWRWDORIWULDOVZHUHFRPSOHWHG
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Figure 5.1. 7ULDOGHWDLOVRIWKHUHYHUVDOOHDUQLQJWDVNIRUWZRFRQVHFXWLYHFRUUHFWO\
SUHGLFWHG H[SHFWHG WULDOV XSSHU URZ QRQVZLWFK WULDOV DQG IRU DQ XQH[SHFWHG
RXWFRPHWULDOIROORZHGE\DVZLWFKWULDO
5.2.3. Electrophysiological recording
$4XLFN$PSDPSOLȴHU%UDLQSURGXFWV0XQLFK*HUPDQ\ZLWKDQ$FWL&DSV\VWHP
KROGLQJDFWLYHHOHFWURGHVZDVXVHG IRUGDWDDFTXLVLWLRQ PLGOLQHHOHFWURGHV
)])&]&]3]2]DQGODWHUDOHOHFWURGHV)))&)&&&3
&37332(2*HOHFWURGHVUHIHUHQFH((*ZDVUHFRUGHGDW
DVDPSOLQJUDWHRI+]DQGUHIHUHQFHGWR WKH OHIWHDUEXWZDVUHUHIHUHQFHG
RɞLQHWRWKHDYHUDJHRIERWKHDUV6LJQDOVZHUHȴOWHUHGRɞLQHXVLQJDEDQGSDVV
ȴOWHU%XWWHUIDVH=HUR3KDVH)LOWHURI+]
5.2.4. Data analysis
Behavior
7KHȴUVWWULDORIHDFKEORFNZDVH[FOXGHGIURPDOOEHKDYLRUDODQDO\VHV7KHFULWLFDO
measure of interest was accuracy on trials immediately afterWKHXQH[SHFWHGKDSS\
DQGIHDUIXORXWFRPHV7KHVHXQH[SHFWHGRXWFRPHVFRXOGEHHLWKHUH[SHULPHQWHU
LQGXFHGWKDWLVWKRVHXQH[SHFWHGRXWFRPHVWKDWVLJQDOOHGUHYHUVDORUSDUWLFLSDQW
LQGXFHGWKDWLVWKRVHRXWFRPHVIROORZLQJLQFRUUHFWSUHGLFWLRQVRQQRQVZLWFKWULDOV
HJ D KDSS\RXWFRPHZKHQ WKHSDUWLFLSDQWSUHGLFWHG D IHDUIXO RXWFRPH %RWK
3DJH_3DJH_ 5HVXOWV0HWKRGV
W\SHVRIXQH[SHFWHGRXWFRPHVZHUHWDNHQWRJHWKHUDQGZHUHDVVHVVHGDJDLQVWD
baseline of accuracy on non-switch trials that followedFRUUHFWH[SHFWHGRXWFRPHV
,QDGGLWLRQZHDVVHVVHGUHDFWLRQWLPHV57V)RUWKHVHDQDO\VHVZHH[FOXGHGDOO
WULDOVZLWK57VEHORZPVHFQRQHDVZHOODVWRRODWHWULDOVZLWK57VDERYH
PV
%RWKDFFXUDF\ SHUFHQWDJHVRIFRUUHFW UHVSRQVHVDQG57VZHUHVXEPLWWHG WR
UHSHDWHG PHDVXUHV $129$V ZLWK WZR ZLWKLQVXEMHFW IDFWRUV RXWFRPH YDOHQFH
KDSS\YHUVXVIHDUIXODQGH[SHFWDQF\XQH[SHFWHGRXWFRPHDVGHȴQHGDERYHLH
VZLWFK WULDOV DIWHU XQH[SHFWHG RXWFRPHV YHUVXV QRQVZLWFK WULDOV DIWHU H[SHFWHG
RXWFRPHV3ODQQHGSDLUZLVHFRPSDULVRQVXVLQJSDLUHGtWHVWVZHUHFRQGXFWHG
WRDVVHVVVLPSOHPDLQHIIHFWVRIYDOHQFH IRU WKHXQH[SHFWHGDQGH[SHFWHG WULDOV
VHSDUDWHO\DVZHOODVVLPSOHPDLQHIIHFWVRIH[SHFWDQF\IRUWKHKDSS\DQGIHDUIXO
RXWFRPHVVHSDUDWHO\
Electrophysiology
)RUWKH(53DQDO\VHVXVLQJ%UDLQ9LVLRQ$QDO\]HUY%UDLQ3URGXFWV*PE+
0XQLFK*HUPDQ\VLQJOHWULDOHSRFKVZHUHH[WUDFWHGUHODWLYHWRWKHSUHVHQWDWLRQ
RIWKHRXWFRPHVWLPXOXV6LQJOHWULDO((*VLJQDOVZHUHFRUUHFWHGIRU(2*DUWHIDFWV
XVLQJ LQGHSHQGHQWFRPSRQHQWDQDO\VLV ,&$DQGDYHUDJHG IRUHDFKVXEMHFWDQG
FRQGLWLRQVHSDUDWHO\XVLQJDPVSUHRXWFRPHEDVHOLQH$UWHIDFWUHMHFWLRQZDV
GRQHZLWKDGLIIHUHQFHFULWHULRQRIw9DQGDQDPSOLWXGHFULWHULRQRIw9WR
w9
)51DPSOLWXGHZDVGHȴQHGDVWKHGLIIHUHQFHEHWZHHQWKHPRVWQHJDWLYHSHDN
PV DIWHU VWLPXOXV RQVHW DQG LWV SUHFHGLQJ SRVLWLYH SHDN HJ &RKHQ	
5DQJDQDWK*HQWVFK8OOVSHUJHU	8OOVSHUJHU0RVHU	6LPRQV
<HXQJ	6DQIH\DWHOHFWURGH)&]ZKHUH)51DPSOLWXGHVZHUHPD[LPDOVHH
Figure 5.4.DQGFI+ROUR\G/DUVHQ	&RKHQ3IDELJDQHWDO:DOVK
	 $QGHUVRQ  :KLOH WKH )51 LV RIWHQ TXDQWLȴHG E\ WDNLQJ WKH GLIIHUHQFH
EHWZHHQWKHQHJDWLYHSHDNDQGERWKSUHFHGLQJDQGIROORZLQJSRVLWLYHSHDN WKLV
ZRXOGLQFUHDVHWKHFKDQFHWKDWWKH)51TXDQWLȴFDWLRQLVFRQWDPLQDWHGE\SRVVLEOH
3HIIHFWVHJHIIHFWVRIWKHIROORZLQJSRVLWLYHSHDN7RIXUWKHUSUHYHQWWKH)51
WREHFRQIRXQGHGE\WKH3ZKLFKLVPD[LPDODW&]DQG3]ZHH[FOXGHGWKH&]
HOHFWURGHIURPRXUDQDO\VHV+ROUR\GHWDO+ROUR\GHWDO:HFKRVH
WRVHSDUDWHO\DQDO\VH)51DPSOLWXGHVWRKDSS\DQGIHDUIXORXWFRPHVDQGQRWWKH
GLIIHUHQFHEHWZHHQWKHWZREHFDXVHWKHPDLQLQWHUHVWRIWKHVWXG\LVUHODWHGWR
WKHGLIIHUHQWLDOHIIHFWVRIRXWFRPHYDOHQFHRQH[SHFWDQF\3DPSOLWXGHVZHUH
GHȴQHGDVWKHPRVWSRVLWLYHSHDNLQWKHSRVWVWLPXOXVZLQGRZRIPVDW
HOHFWURGH3]
)51 DPSOLWXGHV ZHUH VXEPLWWHG WR D UHSHDWHG PHDVXUHV $129$ ZLWK WZR
ZLWKLQVXEMHFW IDFWRUV RXWFRPH YDOHQFH KDSS\ YHUVXV IHDUIXO DQG H[SHFWDQF\
H[SHFWHG YHUVXV XQH[SHFWHG ([SHFWHGRXWFRPHVZHUH GHȴQHG DV DOO FRUUHFWO\
SUHGLFWHGRXWFRPHVWKDWIROORZHGH[SHFWHGRXWFRPHVLHFRUUHFWQRQVZLWFKWULDOV
DIWHUFRUUHFWH[SHFWHGWULDOV:KLOHWKHEHKDYLRUDODQDO\VHVIRFXVVHGRQWULDOVafter 
DFHUWDLQRXWFRPH WRDVVHVVHIIHFWRI OHDUQLQJ IURPWKDWSUHYLRXVRXWFRPH(53
analyses focussed onWKHRXWFRPHHYHQWLWVHOI
3DPSOLWXGHVDW3]ZHUH VXEPLWWHG WR VLPLODU UHSHDWHGPHDVXUHV$129$
ZLWK RXWFRPH YDOHQFH KDSS\ YHUVXV IHDUIXO DQG H[SHFWDQF\ H[SHFWHG YHUVXV
XQH[SHFWHG $ SULRUL SODQQHG SDLUZLVH FRPSDULVRQV XVLQJ SDLUHG t-test were 
FRQGXFWHG WR DVVHVV VLPSOH PDLQ HIIHFWV RI YDOHQFH IRU WKH XQH[SHFWHG DQG
H[SHFWHGWULDOVVHSDUDWHO\DVZHOODVVLPSOHPDLQHIIHFWVRIH[SHFWDQF\IRUKDSS\
DQGIHDUIXORXWFRPHVVHSDUDWHO\
5.3. Results
Behavioral results
2YHUDOOSDUWLFLSDQWVPDGHIHZHUURUVFigure 5.2.5HSHDWHGPHDVXUHV$129$RQ
DFFXUDF\UDWHVZLWKYDOHQFHDQGH[SHFWDQF\DVZLWKLQVXEMHFWIDFWRUVUHYHDOHGQR
main effect of valence (F p Ƒt 7KHUHZDVDOVRQRPDLQ
HIIHFWRIH[SHFWDQF\F p Ƒt +RZHYHUDQLQWHUDFWLRQ
EHWZHHQYDOHQFHDQGH[SHFWDQF\F p Ƒt ZDVIRXQG
)ROORZXSt-tests showed that the interaction was due to higher accuracy on trials 
DIWHU H[SHFWHG KDSS\ RXWFRPHV WKDQ RQ WULDOV DIWHU H[SHFWHG IHDUIXO RXWFRPHV
(t   ptwo sided   PHDQ DFFXUDF\ DIWHU H[SHFWHG KDSS\ RXWFRPHV  
PHDQDFFXUDF\DIWHUH[SHFWHG IHDUIXORXWFRPHV  ,QDGGLWLRQ
WKHUH ZDV D WUHQG IRU DFFXUDF\ WR EH KLJKHU RQ WULDOV DIWHU XQH[SHFWHG IHDUIXO
RXWFRPHVWKDQRQWULDOVDIWHUXQH[SHFWHGKDSS\RXWFRPHVt ptwo sided 
PHDQDFFXUDF\DIWHUXQH[SHFWHGIHDUIXORXWFRPHV PHDQDFFXUDF\
DIWHUXQH[SHFWHGKDSS\RXWFRPHV 
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Figure 5.2. 9DOXHVUHSUHVHQWPHDQSHUFHQWFRUUHFWUHVSRQVHVHUURUEDUVUHSUHVHQW
VWDQGDUGHUURURIWKHPHDQ
$VLPLODUUHSHDWHGPHDVXUHV$129$RQFRUUHFWUHDFWLRQWLPHV57VZLWKYDOHQFH
DQGH[SHFWDQF\DVZLWKLQVXEMHFWIDFWRUVUHYHDOHGDPDLQHIIHFWRIYDOHQFHF
 pƑt DQGDPDLQHIIHFWRIH[SHFWDQF\F 
p Ƒt Figure 5.3.57VDIWHUKDSS\RXWFRPHVZHUHIDVWHUWKDQWKRVH
DIWHUIHDUIXORXWFRPHVFROODSVHGDFURVVH[SHFWHGDQGXQH[SHFWHGWULDOV5HDFWLRQ
WLPHVDIWHUH[SHFWHGRXWFRPHZHUH IDVWHU WKDQ57VDIWHUXQH[SHFWHGRXWFRPHV
,QDGGLWLRQDVLJQLȴFDQW LQWHUDFWLRQEHWZHHQYDOHQFHDQGH[SHFWDQF\ZDVIRXQG
(F pƑt ZKLFKZDVGXHWR57VDIWHUXQH[SHFWHGIHDU
RXWFRPHVEHLQJVORZHUWKDQDIWHUWKHRWKHURXWFRPHVXQH[SHFWHGIHDUYVWKHUHVW
F p$GGLWLRQDOO\UHVSRQVHVRQH[SHFWHGSXQLVKPHQWWULDOV
ZHUHHTXDOO\IDVWDVRQH[SHFWHGUHZDUGWULDOVt p 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Figure 5.3. 9DOXHV UHSUHVHQW PHDQ UHDFWLRQ WLPHV LQ PLOOLVHFRQGV HUURU EDUV
UHSUHVHQWVWDQGDUGHUURURIWKHPHDQ
FRN Results
$UHSHDWHGPHDVXUHV$129$RQ)51DPSOLWXGHVZLWKYDOHQFHKDSS\YHUVXVIHDU
DQGH[SHFWDQF\ H[SHFWHGYHUVXVXQH[SHFWHGDVZLWKLQVXEMHFW IDFWRUV UHYHDOHG
QRPDLQHIIHFWRIH[SHFWDQF\F p ƑtFigure 5.5.Figure 
5.6.$PDLQHIIHFWRIYDOHQFHZDVSUHVHQWF p Ƒt 
Figure 5.4.Figure 5.5.UHVXOWLQJIURPODUJHU)51DPSOLWXGHVIRUIHDUIXOFRPSDUHG
WRKDSS\RXWFRPHV7KHLQWHUDFWLRQEHWZHHQYDOHQFHDQGH[SHFWDQF\GLGQRWUHDFK
VLJQLȴFDQFHF p Ƒt Figure 5.5. LQGLFDWLQJWKDWWKH
HIIHFWRIYDOHQFHGLGQRWGLIIHUEHWZHHQH[SHFWHGDQGXQH[SHFWHGRXWFRPHV
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Figure 5.4. )51DQG3DPSOLWXGHVDW)])&]&]DQG3]IRUIHDUIXOYHUVXVKDSS\
RXWFRPHV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
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Figure 5.5. )51DPSOLWXGHVDW)&=DQG3DPSOLWXGHVDW3=LQPLFUR9ROWIRUDOO
IRXUFRQGLWLRQV(UURUEDUVUHSUHVHQWVWDQGDUGHUURUVRIWKHPHDQ
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Figure 5.6. )51 DQG 3 DPSOLWXGHV DW )] )&] &] DQG 3] IRU H[SHFWHG YHUVXV
XQH[SHFWHGRXWFRPHV3LQGLFDWHGE\JUH\ER[
P300 Results
$UHSHDWHGPHDVXUHV$129$RQ3DPSOLWXGHVZLWKRXWFRPHYDOHQFH KDSS\
YHUVXVIHDUIXODQGH[SHFWDQF\H[SHFWHGYHUVXVXQH[SHFWHGDW3]UHYHDOHGDPDLQ
HIIHFWRIH[SHFWDQF\F p Ƒt 3DPSOLWXGHVZHUH
ODUJHUIRUXQH[SHFWHGWKDQH[SHFWHGRXWFRPHVFigure 5.6.%\FRQWUDVWWKHUHZDV
neither a main effect of valence (F p Ƒt Figure 5.5.
QRUGLGWKHLQWHUDFWLRQEHWZHHQYDOHQFHDQGH[SHFWDQF\F p 
Ƒt UHDFKVLJQLȴFDQFH
5.4. Discussion
7KHSUHVHQWVWXG\LQYHVWLJDWHGWKHHIIHFWVRIRXWFRPHYDOHQFHDQGH[SHFWDQF\RQ
)51DQG3DPSOLWXGHVXVLQJD UHYHUVDOOHDUQLQJ WDVN&UXFLDOO\ WKH WDVNZDV
GHVLJQHGVXFKWKDWERWKQHJDWLYHDQGSRVLWLYHYLRODWLRQVRIH[SHFWDQFLHVVLJQDOHG
WKHQHHGIRUEHKDYLRUDODGMXVWPHQW7KXV WKHVHUHZDUGDQGSXQLVKPHQWHYHQWV
ZHUHPDWFKHGLQWHUPVRIRXWFRPHH[SHFWDQF\DVZHOODVLQWHUPVRIWKHQHHGIRU
EHKDYLRUDODGMXVWPHQW$FFRUGLQJO\WKHSUHVHQWVWXG\VLJQLȴFDQWO\H[WHQGVSUHYLRXV
VWXGLHVLQZKLFKRXWFRPHYDOHQFHZDVFRQIRXQGHGZLWKRXWFRPHH[SHFWDQF\DQG
RUWKHQHHGIRUEHKDYLRUDODGMXVWPHQW6SHFLȴFDOO\ LQSUHYLRXVVWXGLHVQHJDWLYH
RXWFRPHV ZHUH RIWHQ PRUH XQH[SHFWHG WKDQ ZHUH SRVLWLYH RXWFRPHV HJ 'H
%UXLMQ 0DUV 	 +XOVWLMQ  2OLYHLUD HW DO  3IDELJDQ HW DO  DQG
QHJDWLYH RXWFRPHVRIWHQ VLJQDOHG WKHQHHG IRU EHKDYLRUDO DGMXVWPHQWZKHUHDV
SRVLWLYHRXWFRPHVGLGQRW HJ0DUVGH%UXLMQ+XOVWLMQ0LOWQHU	&ROHV
2OLYHLUDHWDOYDQGHU+HOGHQHWDO
7KHXVHRI WKLV XQLTXHGHVLJQ HQDEOHGXV WR HVWDEOLVK IRU WKHȴUVW WLPH WKDW
)51DPSOLWXGHVFRGHRXWFRPHYDOHQFHEXWQRWRXWFRPHH[SHFWDQF\RUWKHQHHG
IRU EHKDYLRUDO DGMXVWPHQW 7KXV )51 DPSOLWXGHV ZHUH ODUJHU IRU SXQLVKPHQW
RXWFRPHVWKDQIRUUHZDUGRXWFRPHVHYHQWKRXJKWKHVHHYHQWVZHUHPDWFKHGLQ
WHUPVRIH[SHFWDQF\DQGWKHQHHGIRUEHKDYLRUDODGMXVWPHQW7KLVȴQGLQJLVRQO\
SDUWO\ LQ OLQHZLWK5/ WKHRU\ +ROUR\G	&ROHV ZKLFKSUHGLFWV ODUJHU )51
DPSOLWXGHV IROORZLQJ QHJDWLYH RXWFRPHV WKDQ SRVLWLYH RXWFRPHV +RZHYHU WKH
5/WKHRU\DOVRSUHGLFWVODUJHU)51DPSOLWXGHVIRUXQH[SHFWHGQHJDWLYHRXWFRPHV
WKDQIRUH[SHFWHGQHJDWLYHRXWFRPHVDQGWKLVSDWWHUQZDVQRWIRXQGLQWKHFXUUHQW
VWXG\,QVWHDG)51DPSOLWXGHVGLGQRWGLIIHUEHWZHHQH[SHFWHGDQGXQH[SHFWHG
SXQLVKPHQWRXWFRPHV
2XUȴQGLQJWKDWWKH)51LVYDOHQFHVSHFLȴFFRQFXUVZLWKUHVXOWVIURPDQXPEHU
RIUHFHQWVWXGLHV+DMFDN0RVHU+ROUR\G	6LPRQV1LHXZHQKXLV+ROUR\G
0RO 	 &ROHV  1LHXZHQKXLV <HXQJ +ROUR\G 6FKXUJHU 	 &RKHQ 
<HXQJ	6DQIH\7KHVHVWXGLHVVXJJHVWWKDWWKHV\VWHPSURGXFLQJWKH)51
UHȵHFWVWKHELQDU\HYDOXDWLRQRIRXWFRPHVDVJRRGYHUVXVEDG+DMFDNHWDO
1LHXZHQKXLVHWDO<HXQJ	6DQIH\HVSHFLDOO\LIWKHXWLOLWDULDQLHJDLQ
YHUVXV ORVV DQGQRW WKHSHUIRUPDQFH LQIRUPDWLRQ LH FRUUHFW YHUVXV LQFRUUHFW
ZDVPRUHVDOLHQW 1LHXZHQKXLVHWDODV LVWKHFDVH LQWKHSDUDGLJPXVHG
3DJH_3DJH_ 'LVFXVVLRQ'LVFXVVLRQ
KHUH$FFRUGLQJWR1LHXZHQKXLVHWDOWKH)51UHȵHFWVDUDWKHUTXLFNDQG
VXSHUȴFLDOHYDOXDWLRQRIRQJRLQJHYHQWVDORQJDJRRGEDGGLPHQVLRQUDWKHUWKDQ
D FRUUHFWLQFRUUHFW GLPHQVLRQ ,Q WKH SUHVHQW GDWD ERWK SRVLWLYH DQG QHJDWLYH
RXWFRPHVFRXOGVLJQDODSUHGLFWLRQHUURU+RZHYHULQRUGHUWRNQRZZKHWKHURQH
KDGFRUUHFWO\SUHGLFWHGWKHRXWFRPHVXEMHFWVKDGWRFRPSDUHWKHLURZQSUHGLFWLRQ
WRWKHDFWXDORXWFRPH,QWKLVFDVHWKHQWKH)51FDQQRWEHDGLUHFWUHȵHFWLRQRI
D FRUUHFWLQFRUUHFW GLPHQVLRQ &RPSDUHGZLWK SUHYLRXV VWXGLHVZH FDQ DVFULEH
WKH HIIHFW XQDPELJXRXVO\ WR YDOHQFH DQG QRW WR H[SHFWDQF\ RU WKH QHHG IRU
EHKDYLRUDODGMXVWPHQW,WPD\DOVREHQRWHGWKDWLQWKHSUHVHQWSDUDGLJPYDOHQFH
ZDVRUWKRJRQDOWRDFFXUDF\EHFDXVHIHDUIXOWULDOVFRXOGEHERWKFRUUHFWDVZHOODV
LQFRUUHFWDQGWKHVDPHDSSOLHGWRKDSS\WULDOV0RUHRYHUWKHHIIHFWREVHUYHGKHUH
LVQRWFRQIRXQGHGE\VWLPXOXVIUHTXHQF\EHFDXVHSDUWLFLSDQWVZHUHSUHVHQWHGZLWK
WKHVDPHQXPEHURIKDSS\DQGIHDUIXORXWFRPHV)LQDOO\XQH[SHFWHGRXWFRPHV
UHSUHVHQWHGSHUGHȴQLWLRQQHJDWLYHSHUIRUPDQFHIHHGEDFN7KXVLISHUIRUPDQFH
IHHGEDFNZRXOGKDYHDIIHFWHGWKH)51WKHQDPSOLWXGHVVKRXOGKDYHEHHQODUJHU
RQXQH[SHFWHGWULDOVZKLFKZDVFOHDUO\QRWWKHFDVH
2XUȴQGLQJWKDWWKH)51LVYDOHQFHDQGQRWH[SHFWDQF\VSHFLȴFFRQWUDVWVZLWK
RXWFRPHV IURPSUHYLRXV VWXGLHV LQZKLFK WLPHHVWLPDWLRQ WDVNVZHUHXVHG HJ
+ROUR\G 	 .ULJROVRQ  2OLYHLUD HW DO  2OLYHLUD DQG FRZRUNHUV DOVR
VSHFLȴFDOO\LQYHVWLJDWHGYDOHQFHHIIHFWVDQGIRXQGODUJHU)51DPSOLWXGHVRQWULDOV
RQZKLFKXQH[SHFWHGSRVLWLYH IHHGEDFNZDVSUHVHQWHG IROORZLQJ ODUJH LQFRUUHFW
WLPH HVWLPDWLRQV+RZHYHU DV 3IDELJDQ HW DO  SRLQWHGRXW WKH LQFUHDVHG
)51DPSOLWXGHVLQWKH2OLYHUDHWDOVWXG\PD\DFWXDOO\KDYHUHVXOWHGIURP
LQWHUSUHWLQJ WKH IHHGEDFN DV LQYDOLG DQG WKXV HUURQHRXV ,Q WKH FXUUHQW VWXG\
XQH[SHFWHGRXWFRPHVZHUHXQOLNHO\WREHLQWHUSUHWHGDVLQYDOLG
$OVRODUJHGLIIHUHQFHVLQSHUIRUPDQFHOHYHOVH[LVWEHWZHHQWKHVWXG\E\2OLYHLUD
HWDODQGWKHFXUUHQWRQH:KHUHDVSHUIRUPDQFHZDVNHSWDWFKDQFHOHYHOLQWKH
2OLYHLUDVWXG\SDUWLFLSDQWVGLVSOD\HGDFFXUDF\OHYHOVRIDURXQGLQWKHFXUUHQW
VWXG\6XFKODUJHGLIIHUHQFHVPD\LQȵXHQFHWKH)51DVH[SHFWDQFLHVDUHOLNHO\WREH
PRUHVWDEOHDQGFOHDUZKHQSHUIRUPDQFHLVKLJKDQGXQFHUWDLQW\LVWKXVORZ$OVR
LWKDVEHHQVKRZQWKDWZKHQHUURUOLNHOLKRRGLVKLJKDQRSSRVLWHSDWWHUQRIODUJHU
)51IRUXQH[SHFWHGZLQVWKDQORVVHVHPHUJHV-HVVXS%XVHPH\HU	%URZQ
1LHXZHQKXLVHWDO7KHODUJH)51VWRXQH[SHFWHGSRVLWLYHRXWFRPHVIRXQG
LQWLPHHVWLPDWLRQWDVNV1LHXZHQKXLVHWDO2OLYHLUDHWDOYDQ9HHQ
+ROUR\G&RKHQ6WHQJHU	&DUWHUPLJKWWKHQUHȵHFWWKHODUJHUSUREDELOLW\
IRUQHJDWLYHIHHGEDFNGXHWRKLJKHUHUURUUDWHV
0RUHRYHURXUUHVXOWVGRQRWVXSSRUWWKHK\SRWKHVLVWKDWWKH)51VLJQDOVWKH
QHHG IRUEHKDYLRUDODGMXVWPHQWDVZHGRQRWȴQGDGLIIHUHQFH LQ)51EHWZHHQ
H[SHFWHG DQG XQH[SHFWHG IHHGEDFN &RKHQ DQG 5DQJDQDWK  XVHG D
SUREDELOLVWLF OHDUQLQJ WDVN WR VKRZ WKDW WKH )51 SUHGLFWV EHKDYLRUDO FKDQJH RQ
WKHXSFRPLQJWULDO:HKDGDOUHDG\IDLOHGWRUHSOLFDWHWKLVȴQGLQJXVLQJDUHYHUVDO
OHDUQLQJ WDVN LQ DQ HDUOLHU VWXG\ K\SRWKHWLFDOO\ EHFDXVH OHDUQLQJ LQ WKDW HDUOLHU
VWXG\GHSHQGHGRQDGLIIHUHQWPRUHUXOHEDVHGIRUPRIEHKDYLRUDOFRQWURO&KDVH
HWDO&KDVHHWDOSURSRVHGEDVHGRQWKHLUGDWDDQGWKRVHE\&RKHQ
DQG5DQJDQDWKWKDWWKH)51PLJKWEHHOLFLWHGE\VLJQDOVWKDWHOLFLWEHKDYLRUDO
DGMXVWPHQWRQO\ZKHQWKHWDVNUHTXLUHVDPRGHOIUHHKDELWOLNHEHKDYLRUDOFRQWURO
V\VWHP FRPPRQO\ DVVRFLDWHG ZLWK WKH EDVDO JDQJOLD DQG QRW ZKHQ WKH WDVN
requires a model- or rule-based behavioral control system (associated commonly 
ZLWK FRUWLFDO VWUXFWXUHV 7KH SUHGLFWLRQ HUURUV LQ WKH FXUUHQW GHWHUPLQLVWLF
prediction task are more likely to represent model- or rule-based prediction errors 
WKDQPRGHOIUHHKDELWOLNHLPSOLFLWSUHGLFWLRQHUURUV$FFRUGLQJO\WKHODFNRIDQ
)51 IRUXQH[SHFWHGRXWFRPHV LQ WKHFXUUHQW WDVN LV LQ OLQHZLWK WKLVK\SRWKHVLV
VWDWHG E\ &KDVH HW DO  7RJHWKHU WKHVH UHVXOWV VXJJHVW WKDW WKH QHHG IRU
EHKDYLRUDODGMXVWPHQWLVQRWDFRUHIHDWXUHRIWKH)51,QVWHDGWKHUHVXOWVVXJJHVW
WKDW WKH )51 FRGHV RXWFRPH YDOHQFH 7KLV YDOHQFH HIIHFW FRLQFLGHVZLWK FRGLQJ
for behavioral adjustment only when the outcome valence is fully predictable of 
EHKDYLRUDODGMXVWPHQW&RKHQ	5DQJDQDWK
:KLOHQRH[SHFWDQF\HIIHFWVRQ)51DPSOLWXGHVZHUHIRXQGFOHDUO\ODUJHU3
DPSOLWXGHVZHUHIRXQGIRUXQH[SHFWHGWULDOVWKDWHOLFLWEHKDYLRUDOVZLWFKLQJ7KLV
LVLQOLQHZLWKWKHFRQWH[WXSGDWLQJWKHRU\'RQFKLQ	&ROHVDFFRUGLQJ
WRZKLFKXQH[SHFWHG HYHQWV RI VXɝFLHQWZHLJKW HOLFLW ODUJH3VEHFDXVH WKH\
UHTXLUHDXWRPDWLFXSGDWLQJRIUHSUHVHQWDWLRQV2XUUHVXOWVȴWZHOOZLWKWKHQRWLRQ
WKDW WKH3 LV HOLFLWHGZKHQDQHYHQW LV LQFRQVLVWHQWZLWK WKH FXUUHQW FRQWH[W
WKXVHOLFLWLQJEHKDYLRUDODGDSWDWLRQ7KHȴQGLQJWKDW57VDUHSURORQJHGRQWULDOV
DIWHUXQH[SHFWHGRXWFRPHV LV LQ OLQHZLWK WKLVDFFRXQW6XEMHFWVKDYH WRXSGDWH
their stimulus-outcome associations and adjust their responses accordingly 
ZKLFKLVWLPHFRQVXPLQJ,QVWXGLHVLQZKLFKERWK)51DQG3DPSOLWXGHVZHUH
PHDVXUHG VLPLODU HIIHFWV RI H[SHFWDQF\ RQ 3 DPSOLWXGHV ZHUH IRXQG )RU
3DJH_3DJH_ 5HIHUHQFHV'LVFXVVLRQ
H[DPSOHRQDVLPSOHȵDQNHUWDVNLWZDVIRXQGWKDWXQH[SHFWHGQHJDWLYHIHHGEDFN
LQYDOLGQHJDWLYHIHHGEDFNRQFRUUHFWWULDOVHOLFLWHGWKHODUJHVW3'H%UXLMQHW
DOEXWRQO\LQWKRVHSDUWLFLSDQWVZKRVKRZHGEHKDYLRUDODGMXVWPHQWVLH
SRVWHUURUVORZLQJDIWHUWKLVIHHGEDFN
2XUEHKDYLRUDOȴQGLQJVRIKLJKHUDFFXUDF\DQGIDVWHU57VRQH[SHFWHGKDSS\
WULDOV DUH LQ OLQHZLWK HDUOLHU ȴQGLQJVZLWK WKH VDPHSDUDGLJP HJ &RROV HW DO
5RELQVRQ&RROV	6DKDNLDQRUUHODWHGSDUDGLJPV$GDPV-U$PEDG\
0DFUDH	.OHFNXVLQJIDFLDOH[SUHVVLRQV LQFOXGLQJIHDU)RUH[DPSOHWKH
KLJKHUDFFXUDF\DQGIDVWHU57VRQH[SHFWHGKDSS\WULDOVDUHOLNHO\GXHWR3DYORYLDQ
DYHUVLYHLQKLELWLRQRQSXQLVKPHQWWULDOV6WLPXOLZLWKDQHJDWLYHYDOHQFHVXFKDV
IHDUIXO IDFHV LQGXFH DYRLGDQFHZKLOH VWLPXOLZLWK D SRVLWLYH YDOHQFH LQGXFH DQ
DSSURDFK UHVSRQVH 7KH FXUUHQWO\ IRXQG EHKDYLRUDO SDWWHUQPD\ WKXV UHȵHFW D
relatively automatic protective bias to suppress responding in anticipation of 
QHJDWLYHRXWFRPHV:KHWKHUWKLVHIIHFWLVUHODWHGWRWKHVL]HRIWKH)51UHPDLQVDQ
RSHQTXHVWLRQ
,QFRQFOXVLRQRXUVWXG\LVWKHȴUVWWRXVHDWDVNWKDWZDVGHVLJQHGVXFKWKDW
ERWKQHJDWLYHDQGSRVLWLYHYLRODWLRQVRIH[SHFWDQF\VLJQDOHGWKHQHHGIRUEHKDYLRUDO
DGMXVWPHQW:HH[WHQGSUHYLRXVVWXGLHVLQZKLFKRXWFRPHYDOHQFHZDVFRQIRXQGHG
E\ EHKDYLRUDO DGMXVWPHQW ,Q FRQWUDVW RXU UHVXOWV VKRZ D FOHDU GLIIHUHQWLDWLRQ
between a process related to evaluation of feedback along a reward-punishment 
GLPHQVLRQDVUHȵHFWHGE\WKH)51DQGDQRWKHUSURFHVVHYDOXDWLQJIHHGEDFNDORQJ
DFRUUHFWLQFRUUHFWGLPHQVLRQDVUHȵHFWHGE\WKH37KHUHIRUHZHVXJJHVWWKDW
WKH)51UHȵHFWVDUDWKHUTXLFNDQGVXSHUȴFLDOHYDOXDWLRQRIRQJRLQJHYHQWVDORQJ
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Abstract
3V\FKRSDWK\LVWKRXJKWWREHDFFRPSDQLHGE\SRRUQHJDWLYHIHHGEDFNSURFHVVLQJ
DQG SRRU EHKDYLRUDO DGDSWDWLRQ +RZHYHU VR IDU VWXGLHV KDYH XVHG SDUDGLJPV
LQZKLFKEHKDYLRUDODGDSWDWLRQZDV UHTXLUHGRQO\DIWHUQHJDWLYH IHHGEDFN7KXV
negative feedback processing and behavioral adaptation were confounded in prior 
ZRUN :H DLPHG WR GLVHQWDQJOH WKHVH WZR SURFHVVHV E\ HPSOR\LQJ D SDUDGLJP
WKDWUHTXLUHGEHKDYLRUDODGDSWDWLRQDIWHUERWKSRVLWLYHDQGQHJDWLYHXQH[SHFWHG
RXWFRPHV7KLVHQDEOHGVHSDUDWHDVVHVVPHQWRIRXWFRPHXQH[SHFWDQF\VLJQDOLQJ
EHKDYLRUDODGDSWDWLRQDQGYDOHQFHDVZHOODVWKHLULQWHUDFWLRQ((*ZDVHPSOR\HG
WR LQGH[ WKH IHHGEDFNUHODWHG QHJDWLYLW\ )51 DQ (53 RIWHQ REVHUYHG GXULQJ
XQH[SHFWHG RXWFRPHV )LIWHHQ FULPLQDO PDOH SV\FKRSDWKV 3&/5 Ȳ  DQG 
matched healthy male controls performed a reversal-learning task with facial 
H[SUHVVLRQVDVRXWFRPHFXHVZKLOH((*ZDVUHFRUGHG$QDO\VHVIRFXVHGRQUHYHUVDO
OHDUQLQJSHUIRUPDQFHDQGWKH)51%HKDYLRUDOUHVXOWVUHYHDOHGRYHUDOOGLPLQLVKHG
OHDUQLQJ LQ SV\FKRSDWK\ &RPSDUHG WR KHDOWK\ FRQWUROV )51 DPSOLWXGHV ZHUH
GHFUHDVHG LQSV\FKRSDWK\ IRUERWKSRVLWLYHDQGQHJDWLYHXQH[SHFWHGRXWFRPHV
,QDGGLWLRQSV\FKRSDWKVDOVRH[KLELWHGUHGXFHGSURFHVVLQJRIQHJDWLYHRXWFRPHV
UHJDUGOHVVRI WKHLU XQH[SHFWHGQDWXUH 7KHUHZDVQRHIIHFWRISV\FKRSDWK\RQ
WKHLQWHUDFWLRQEHWZHHQH[SHFWDQF\DQGYDOHQFHDOWKRXJKWKLVPD\UHȵHFWDODFN
RI VWDWLVWLFDO SRZHU )RU ERWK JURXSV )51 DPSOLWXGHV RQ XQH[SHFWHG QHJDWLYH
RXWFRPHV FRUUHODWHG ZLWK DFFXUDF\ RQ WKH VXEVHTXHQW WULDO 7KHVH SUHOLPLQDU\
ȴQGLQJV VXJJHVW WKDW SV\FKRSDWK\ LV DFFRPSDQLHG E\ ERWK SRRU EHKDYLRUDO
DGDSWDWLRQDVZHOODVSRRUSXQLVKPHQWSURFHVVLQJ
6.1. Introduction
3V\FKRSDWK\LVDVVRFLDWHGZLWKGHȴFLWVLQEHKDYLRUDODGDSWDWLRQ(PSLULFDOO\SRRU
EHKDYLRUDODGDSWDWLRQKDVEHHQVKRZQLQJDPEOLQJSDUDGLJPV%ODLU&ROOHGJH	
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 DQG OHDUQLQJ WDVNV %ODLU0RUWRQ /HRQDUG	%ODLU
%ODLU0LWFKHOO/HRQDUGHWDO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0LWFKHOO HWDO 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,WKDVEHHQVXJJHVWHGWKDWWKHVHGHȴFLWVVWHPIURPUHGXFHGUHVSRQVLYHQHVV
WRSXQLVKPHQWFXHVORZIHDUK\SRWKHVLV/\NNHQ3DWULFN(YLGHQFHIRU
WKLVDVVXPSWLRQLVUHȵHFWHGLQSRRUDYHUVLYHFRQGLWLRQLQJ%LUEDXPHUHWDO
+DUH  /\NNHQ  UHGXFHG WHQGHQF\ WR UHYHUVH UHVSRQGLQJ DIWHU EHLQJ
SXQLVKHG1HZPDQ3DWWHUVRQ+RZODQG	1LFKROVGLPLQLVKHGDYRLGDQFH
YRQ%RUULHVHWDODQGGLɝFXOWLHVLQOHDUQLQJWRLQKLELWSXQLVKHGUHVSRQVHV
0LWFKHOOHWDO1HZPDQHWDO%ODLUHWDO  IRXQGWKDWGXULQJ
DSDVVLYHDYRLGDQFH OHDUQLQJ WDVNSHUIRUPDQFH LQ WKH33JURXSZDVPRGXODWHG
RQO\E\ UHZDUGDQGQRWE\SXQLVKPHQW 7KLV HYLGHQFHKDV OHG VRPH WR VXJJHVW
that psychopathy is accompanied by selective punishment processing problems 
3HVFKDUGW0RUWRQ	%ODLU,QFRQWUDVWRWKHUVKDYHSURSRVHGWKDWWKHFRUH
GHȴFLWLQSV\FKRSDWK\LVDQLQDELOLW\WRSURFHVVDQGXVHXQH[SHFWHGRUSHULSKHUDO
FRQWH[WXDO LQIRUPDWLRQ UHJDUGOHVVRI WKHLU YDOHQFH WR UHJXODWHRQJRLQJEHKDYLRU
1HZPDQ6FKPLWW	9RVV3DWWHUVRQ	1HZPDQ
$SRVVLEOHFRQIRXQGLQVWXGLHVLQYHVWLJDWLQJSXQLVKPHQWSURFHVVLQJLQ33VRIDU
is that adequate performance on the punishment-related tasks required not only 
WKHSURFHVVLQJRISXQLVKPHQW EXW DOVR WKHDELOLW\ WR DGMXVWRU VZLWFKEHKDYLRU
7KXVDQ\GHȴFLWRQWKHVHWDVNVPD\UHȵHFWQRWRQO\DSUREOHPZLWKSXQLVKPHQW
SURFHVVLQJ EXW DOVR D SUREOHPZLWK EHKDYLRUDO DGMXVWPHQW 7R VROYH WKLV LVVXH
the current study employs a stimulus-outcome reversal learning paradigm in 
which positive and negative outcomes are matched in terms of the degree to 
ZKLFK WKH\ HOLFLW EHKDYLRUDO DGMXVWPHQW &RROV $OWDPLUDQR 	 'ȇ(VSRVLWR 
&RROV5RELQVRQ	6DKDNLDQYRQ%RUULHV9HUNHV%XOWHQ&RROV	GH%UXLMQ
7KLVDOORZVLQYHVWLJDWLQJERWKUHZDUGDQGSXQLVKPHQWSURFHVVLQJZLWKRXW
FRQIRXQGLQJ WKH WZR FRQGLWLRQV E\ WKH QHHG IRU EHKDYLRUDO DGMXVWPHQW ,Q WKH
SDUDGLJPVXEMHFWVKDYHWROHDUQVWLPXOXVRXWFRPHPDSSLQJVWKURXJKREVHUYDWLRQ
3DJH_3DJH_ 0HWKRGV,QWURGXFWLRQ
DQGKDYHWRSUHGLFWZKHWKHUDVSHFLȴFVWLPXOXVZLOOOHDGWRDSRVLWLYHKDSS\IDFHRU
QHJDWLYHIHDUIXOIDFHRXWFRPH$IWHUDSUHGHȴQHGOHDUQLQJFULWHULRQWKHVWLPXOXV
RXWFRPHFRQWLQJHQFLHVDUH UHYHUVHGZLWKRXWSULRUZDUQLQJZKLFKFDQHLWKHUEH
VLJQDOHGE\DQXQH[SHFWHGKDSS\IDFHRUDQXQH[SHFWHGIHDUIXOIDFH,I OHDUQLQJ
GHȴFLWV LQSV\FKRSDWK\DUH UHODWHG WR VLJQDOV IRUDGMXVWLQJEHKDYLRU LUUHVSHFWLYH
RI WKHLU YDOHQFHZHH[SHFWSV\FKRSDWKV WR VKRZGHFUHDVHGDFFXUDF\DIWHUERWK
XQH[SHFWHG UHZDUG DQG XQH[SHFWHG SXQLVKPHQW WULDOV ,I KRZHYHU GHȴFLWV DUH
UHODWHG WRFRGLQJRUXVLQJSXQLVKPHQW LQIRUPDWLRQRQO\ WKHQZHH[SHFW WRȴQG
GHFUHDVHGDFFXUDF\RQO\RQWKHQHJDWLYHWULDOVZKLFKVLJQDODORVV
$Q HYHQWUHODWHG SRWHQWLDO (53 FRPSRQHQW WKDW LV UHODWHG WR OHDUQLQJ IURP
HUURUV DQG QHJDWLYH RXWFRPHV LV WKH HUURUUHODWHG QHJDWLYLW\ (51 )DONHQVWHLQ
+RKQVEHLQ+RRUPDQQ	%ODQNH*HKULQJ*RVV&ROHV0H\HU	'RQFKLQ
+ROUR\G	&ROHV  7KLV QHJDWLYH JRLQJ (53 FRPSRQHQW LV HOLFLWHG DW
WKHHDUOLHVWSRVVLEOHGHWHFWLRQRIDQRXWFRPHEHLQJZRUVHWKDQH[SHFWHGQHJDWLYH
RXWFRPHSUHGLFWLRQHUURU7KLVFDQHLWKHUKDSSHQDWWKHPRPHQWRIWKHHUURQHRXV
UHVSRQVH LWVHOI WKHVRFDOOHG UHVSRQVH(51RU U(51RUDW WKH ODWHUPRPHQWRI
UHFHLYLQJIHHGEDFNIHHGEDFN(51RU)51
3UHYLRXV UHVHDUFK RQ WKH (51 IURP RXU ODE VXJJHVWV WKDW LQGLYLGXDOV ZLWK
SV\FKRSDWK\ GLIIHU LQ WKH H[WHQW LQ ZKLFK WKH\ XVH QHJDWLYH SHUIRUPDQFH
LQIRUPDWLRQ FRPSDUHG WR KHDOWK\ FRQWUROV $V PHQWLRQHG WKH SDUDGLJPV XVHG
were stimulus-response tasks that only required behavioral adjustments after 
QHJDWLYHRXWFRPHV:LWKUHJDUGWRWKHSUHVHQWVWXG\LIDOHDUQLQJGHȴFLWLVGXHWR
VSHFLȴFGLɝFXOWLHVLQSURFHVVLQJSXQLVKPHQWRXWFRPHVZHH[SHFWWRȴQGVPDOOHU
)51DPSOLWXGHVWRQHJDWLYHRXWFRPHVRQO\,IKRZHYHUGHȴFLWVUHȵHFWSUREOHPVLQ
prediction error coding and behavioral adjustment irrespective of the valence of 
WKHRXWFRPHUHGXFHG)51DPSOLWXGHVDUHH[SHFWHGIRUERWKXQH[SHFWHGUHZDUG
DQGSXQLVKPHQWRXWFRPHV
6.2. Methods
6.2.1. Participants
)RUWKHJURXSRISV\FKRSDWKLFVXEMHFWVSDWLHQWVIURPWKHLQSDWLHQWSRSXODWLRQ
of a forensic psychiatric institute in the Netherlands1 with a psychopathy score 
RI Ȳ  DFFRUGLQJ WR WKH 3V\FKRSDWK\ &KHFN /LVW  5HYLVHG 3&/5 +DUH 
ZHUH UHFUXLWHG 7KH3&/5ZDV VFRUHGE\ WUDLQHG FOLQLFLDQV IROORZLQJ WKHRɝFLDO
SURFHGXUHVRIXVLQJLQWHUYLHZVDQGSDWLHQWȴOHLQIRUPDWLRQ,4ZDVDVVHVVHGXVLQJ
WKH'XWFKYHUVLRQRIWKH1DWLRQDO$GXOW5HDGLQJ7HVW'XWFKYHUVLRQ1/96FKPDQG
%DNNHU6DDQ	/RXPDQ7KUHHSDWLHQWVZHUHH[FOXGHGIURPWKHDQDO\VHV
UHDVRQVGUXJXVHLQVXɝFLHQWXQGHUVWDQGLQJRIWKHWDVNKLJKHUURUUDWH!RQ
WKHHPRWLRQUHFRJQLWLRQWDVN)LIWHHQSDWLHQWVZHUHLQFOXGHGLQWKHDQDO\VHVPHDQ
DJH SD UDQJH \HDUVPHDQ3&/5 SD )RUWKHFRQWURO
JURXSȴIWHHQKHDOWK\PDOHFRQWUROV+&PDWFKHGIRUDJHPHDQ SD DQG
,4DQGZLWKRXWDFULPLQDOUHFRUGRUDKLVWRU\RISV\FKLDWULFGLVRUGHUZHUHUHFUXLWHG
All participants were checked for drug use and for medical/neurological history2 
(for characteristics of the two groups see Table 6.1.3V\FKLDWULFFRPRUELGLW\ZDV
DVVHVVHGXVLQJWKH0,1,'60,9D[LV,GLVRUGHUV9DQ9OLHW/HUR\	YDQ0HJHQ
DQG6&,',, '60,9D[LV ,,GLVRUGHUV 9DQ*URHQHVWLMQ$NNHUKXLV.XSND
6FKQHLGHU	1ROHQ
 7KH3RPSHVWLFKWLQJLVDȌ7%6FOLQLFȊORFDWHGLQ1LMPHJHQ7%6LVDGLVSRVDOWREHWUHDWHGRQ
behalf of the state for people who committed serious criminal offences in connection with 
KDYLQJDPHQWDOGLVRUGHU7%6LVQRWDSXQLVKPHQWEXWDQHQWUXVWPHQWDFWIRUPHQWDOO\
GLVRUGHUHGRIIHQGHUVGLPLQLVKHGUHVSRQVLELOLW\
 ([FOXVLRQFULWHULD$OFRKROXVHGPRUHWKDQXQLWVGD\FDQQDELVXVHRURWKHULOOLFLWGUXJV
LQWKHZHHNSUHFHGLQJWKHH[SHULPHQWDOPHDVXUHDQGXVHRIDOFRKROZLWKLQKRXUVRIWKH
PHDVXUHPHQW3V\FKRWURSLFPHGLFDWLRQRWKHUWKDQR[D]HSDPGXULQJWKHGD\VEHIRUH
PHDVXUHPHQW8VHRIR[D]HSDPZLWKLQKRXUVEHIRUHPHDVXUHPHQW6PRNLQJZLWKLQ
 KRXUV EHIRUHPHDVXUHPHQW+LVWRU\ RI WUDXPD FDSLWLV YLVXDO DQG DXGLWLYH GLVRUGHUV
QHXURORJLFDO GLVRUGHUV ȴUVW GHJUHH UHODWLYH ZLWK DQ\ UHOHYDQW QHXURORJLFDO GLVRUGHU
3V\FKLDWULF H[FOXVLRQ FULWHULD 'HSUHVVLYH 'LVRUGHU %LSRODU 'LVRUGHU 6FKL]RSKUHQLD
6FKL]RDIIHFWLYH'LVRUGHU6FKL]RSKUHQLIRUP'LVRUGHU'HOXVLRQDODQGRWKHUSV\FKRSDWKLF
'LVRUGHUV6FKL]RLGRU6FKL]RW\SLFDO3'&XUUHQW$OFRKRODQG6XEVWDQFHLQWR[LFDWLRQȴUVW
GHJUHHUHODWLYHVZLWK'60,9D[LV,VFKL]RSKUHQLDRUVFKL]RSKUHQLIRUPGLVRUGHU
3DJH_3DJH_ 0HWKRGV0HWKRGV
Table 6.1. Characteristics and demographics for the group of patients with 
SV\FKRSDWK\ 33 DQG WKH JURXS RI KHDOWK\ FRQWURO VXEMHFWV +& VKRZLQJ WKH
0HDQ6WDQGDUG'HYLDWLRQDQG7HVWVWDWLVWLFp
PP HC P-value
Age   
IQ   
3&/57RWDO 
3&/5)DFWRU 
3&/5)DFWRU 
6.2.2. Tasks and design
$OO SDUWLFLSDQWV SHUIRUPHG WZR WDVNV 7R GHWHUPLQH WKHLU DELOLW\ WR UHFRJQL]H
HPRWLRQV WKH\ ȴUVW SHUIRUPHG DPRUSKHG IDFHV UHFRJQLWLRQ WDVN 5HVXOWV IURP
this task were used to select optimal feedback stimuli for the subsequent reversal-
OHDUQLQJWDVN
Morphed facial emotion recognition task
Individuals with psychopathy are known to have impairments in the recognition 
RIIDFLDOHPRWLRQV0DUVK	%ODLU,QRUGHUWRSHUIRUPZHOORQWKHUHYHUVDO
OHDUQLQJWDVNRQHKDVWREHDEOHWRGLIIHUHQWLDWHEHWZHHQHPRWLRQDOH[SUHVVLRQV7R
control for the possibility that abnormal performance on this task was not caused 
E\GLPLQLVKHG UHFRJQLWLRQRI WKHRXWFRPHVWLPXOLZHDVNHGHDFKSDUWLFLSDQW WR
SHUIRUPDPRUSKHGIDFLDOUHFRJQLWLRQWDVNEHIRUHWKH5/WDVN7KLVHQDEOHGXVWR
GHȴQHWKHHPRWLRQDOLQWHQVLW\QHHGHGWRFRUUHFWO\UHFRJQL]HWKHGLIIHUHQWHPRWLRQV
VHSDUDWHO\IRUHDFKVXEMHFW7KHUHE\ZHH[FOXGHGWKLVFRQIRXQGDVZHOODVSRVVLEOH
FHLOLQJHIIHFWLQKHDOWK\FRQWUROV
)DFLDOH[SUHVVLRQVRIWKHVL[EDVLFHPRWLRQDOH[SUHVVLRQVIHDUDQJHUVDGQHVV
KDSSLQHVVGLVJXVWVXUSULVHHDFKVKRZQLQGLIIHUHQWLQWHQVLWLHV
DQGQHXWUDOIDFHVZHUHXVHG6L[PRGHOVZHUHFKRVHQ6:3(0)02--:)
IURPWKH(NPDQDQG)ULHVHQSLFWXUHGDWDEDVH(NPDQ	)ULHVHQOHDGLQJWRD
WRWDORIVWLPXOL7KHWDVNUHTXLUHVWZRUHVSRQVHVRQHLQGLFDWLQJWKHWLPHQHHGHG
WRLGHQWLI\WKHH[SUHVVLRQYLHZLQJWLPHDQGRQHLQGLFDWLQJWKHHPRWLRQLGHQWLȴHG
1RIHHGEDFNZDVJLYHQGXULQJWKHWDVN(DFKWULDOVWDUWHGZLWKWKHSUHVHQWDWLRQRID
IDFLDOH[SUHVVLRQFPIRUDPD[LPXPRIPV7KHVXEMHFWȇVWDVNZDVWR
SUHVVWKHVSDFHEDUDVVRRQDVWKH\NQHZZKLFKH[SUHVVLRQZDVVKRZQ,IWKHVSDFH
EDUZDVSUHVVHGRUWKHPD[LPXPVWLPXOXVGXUDWLRQKDGEHHQUHDFKHGDUHVSRQVH
VFUHHQZDVVKRZQRQZKLFKWKHVXEMHFWVDZWKHZRUGVIRUDOOH[SUHVVLRQVDQGD
corresponding number which had to be pressed in order to indicate which emotion 
ZDVVHHQ7KHUHZDVQRUHVSRQVHWLPHOLPLWIRUWKHVHFRQGUHVSRQVH+HUHZHRQO\
report the intensity level for fearful and happy faces (used in the reversal-learning 
WDVNWKDWZHUHQHHGHGLQRUGHUWRJHWFRUUHFWUHVSRQVHV
Reversal-Learning Task (RL task)
$UHYHUVDOOHDUQLQJWDVNIRUPRUHGHWDLOVVHH&RROVHWDO&RROVHWDO
ZDVXVHGLQZKLFKVWLPXOXVRXWFRPHDVVRFLDWLRQVKDGWREHIRUPHG2QHDFKWULDO
a pair of stimuli (a picture of a cow and a picture of a tractor was presented for 
PVDWWKHWRSERWWRPRIWKHVFUHHQFigure 6.1.ZDVSUHVHQWHG2QHRIWKH
WZRVWLPXOLZDVGHWHUPLQLVWLFDOO\DVVRFLDWHGZLWKDKDSS\IDFHZKLOHWKHRWKHUZDV
DVVRFLDWHGZLWKDIHDUIXOIDFH2QHDFKWULDORQHRIWKHWZRZDVKLJKOLJKWHGDQG
participants had to predict whether the highlighted stimulus would lead to a happy 
or a fearful face by pressing one of two response buttons with their right or left 
LQGH[ȴQJHU IRUGHWDLOHG LQVWUXFWLRQVVHH&RROVHWDO2XWFRPHUHVSRQVH
PDSSLQJVZHUH FRXQWHUEDODQFHGEHWZHHQ VXEMHFWV )ROORZLQJ WKH UHVSRQVH WKH
actual outcome in the form of a happy or fearful face was presented at the center 
RIWKHVFUHHQ)RUHDFKHPRWLRQRQHPDOHDQGRQHIHPDOHIDFHZDVFKRVHQIURP
WKHIDFLDODFWLRQFRGLQJV\VWHP(NPDQ	)ULHVHQDQGZDVSUHVHQWHGHTXDOO\
RIWHQLQDUDQGRPRUGHU&UXFLDOO\WKHRXWFRPHGLGQRWGHSHQGRQWKHUHVSRQVH
JLYHQEXWUDWKHURQZKLFKVWLPXOXVZDVKLJKOLJKWHG$FFRUGLQJO\WKHRXWFRPHGLG
QRWVHUYHDVGLUHFWSHUIRUPDQFHIHHGEDFN,QRUGHUWRPLQLPL]HWKHSHUFHSWLRQRI
RXWFRPHVDVSHUIRUPDQFHIHHGEDFNZHLQVHUWHGDPVLQWHUYDOEHWZHHQWKH
UHVSRQVH DQG WKH RXWFRPH ,QWHUWULDO LQWHUYDOVZHUH MLWWHUHGEHWZHHQ 
PV
'XULQJ WKH WDVN VWLPXOXVRXWFRPH FRQWLQJHQFLHV ZHUH UHYHUVHG IUHTXHQWO\
GHSHQGLQJ RQ ZKHWKHU RU QRW D OHDUQLQJ FULWHULRQ ZDV DFKLHYHG 7R SUHYHQW
SUHGLFWDELOLW\RIUHYHUVDOVWKLVFULWHULRQYDULHGEHWZHHQDQGFRQVHFXWLYHFRUUHFW
UHVSRQVHV5HYHUVDORIFRQWLQJHQFLHVZDVVLJQDOHGE\HLWKHUDQXQH[SHFWHGKDSS\
IDFHSUHVHQWHGDIWHUDVWLPXOXVWKDWZDVSUHYLRXVO\DVVRFLDWHGZLWKDIHDUIXOIDFH
RU DQ XQH[SHFWHG IHDUIXO IDFH SUHVHQWHG DIWHU D VWLPXOXV WKDW ZDV SUHYLRXVO\
3DJH_3DJH_ 0HWKRGV0HWKRGV
DVVRFLDWHG ZLWK D KDSS\ IDFH 3DUWLFLSDQWV ZHUH LQIRUPHG DERXW WKH IDFW WKDW
contingencies could change and that they had to adjust their predictions on the 
WULDOLPPHGLDWHO\IROORZLQJWKHXQH[SHFWHGRXWFRPHWKHswitchWULDO7KHVWLPXOXV
that was highlighted on this switch trial was identical to the stimulus highlighted on 
WKHSUHYLRXVXQH[SHFWHGRXWFRPHWULDO7KHUHE\GHPDQGVIRUUHVSRQVHDOWHUQDWLRQ
ZHUHPDWFKHGEHWZHHQFRQGLWLRQV
)LUVWDSUDFWLFHEORFNZDVSUHVHQWHGZKLFKZDVUHSHDWHGXQWLORQHVXFFHVVIXO
VZLWFKWULDOZDVSHUIRUPHG7ULDOVGXULQJWKHSUDFWLFHEORFNZHUHLGHQWLFDOWRWKH
H[SHULPHQWDOWULDOV$WRWDORIIRXUH[SHULPHQWDOEORFNVZDVSHUIRUPHGFRQVLVWLQJ
RIWULDOVHDFKaPLQXWHVOHDGLQJWRDWRWDORIWULDOV
&RUUHFW([SHFWHG
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Figure 6.1. 7ULDOGHWDLOV7KHXSSHUURZVKRZLQJWZRFRQVHFXWLYHH[SHFWHGRXWFRPH
WULDOV QRQVZLWFK WKH ORZHUURZDQXQH[SHFWHGRXWFRPHIROORZHGE\DVZLWFK
UHYHUVDO
6.2.3. Procedure
3DUWLFLSDQWV UHFHLYHG ZULWWHQ LQIRUPDWLRQ DERXW WKH H[SHULPHQW DQG VLJQHG DQ
LQIRUPHG FRQVHQW EHIRUH EHLQJ VFUHHQHG IRU SV\FKLDWULF H[FOXVLRQ FULWHULD E\
WUDLQHG SV\FKRORJLVWV XVLQJ WKH 6&,',, DQG0,1, $OO TXHVWLRQQDLUHVZHUH ȴOOHG
LQEHIRUHSDUWLFLSDQWVSHUIRUPHG WKHPRUSKHG IDFLDOHPRWLRQV UHFRJQLWLRQ WDVN
WZRYHUVLRQVRIDQDSSURDFKDYRLGDQFHWDVNGLUHFWDQGLQGLUHFWYHUVLRQUHSRUWHG
HOVHZKHUHDQGWKHUHYHUVDOOHDUQLQJWDVNDQGUHFHLYHGDȴQDQFLDOUHLPEXUVHPHQW
7KHORFDOPHGLFDOHWKLFDOFRPPLWWHHȆ&RPPLVVLH0HQVJHERQGHQ2QGHU]RHNȇUHJLRQ
$UQKHP1LMPHJHQDSSURYHGDOOSURFHGXUHV7KHVWXG\ZDVFRQGXFWHGDFFRUGLQJWR
WKHODWHVWYHUVLRQRIWKH'HFODUDWLRQRI+HOVLQNL
EEG recording and data processing
((* DFTXLVLWLRQ ZDV GRQH XVLQJ D 4XLFN$PS DPSOLȴHU %UDLQSURGXFWV 0XQLFK
*HUPDQ\ZLWKDQ$FWL&DS V\VWHPKROGLQJDFWLYHHOHFWURGHV$ VDPSOLQJ UDWH
RI+]ZDVXVHGDQG((*ZDVUHIHUHQFHGWRWKHOHIWHDUEXWZDVUHUHIHUHQFHG
RɞLQHWRWKHDYHUDJHRIERWKHDUV$QRɞLQHEDQGSDVVȴOWHU%XWWHUIDVH=HUR3KDVH
)LOWHURI+]ZDVDSSOLHG
6.2.4. Data analyses
7KHFULWLFDOPHDVXUHRILQWHUHVWZDVDFFXUDF\RQUHYHUVDOWULDOVLHWULDOVLPPHGLDWHO\
DIWHUXQH[SHFWHGRXWFRPHV8QH[SHFWHGRXWFRPHVZHUHGHȴQHGDVXQH[SHFWHG
RXWFRPHVWKDWVLJQDOOHGDUHYHUVDODIWHUWKHOHDUQLQJFULWHULRQZDVUHDFKHG1RQ
UHYHUVDOWULDOVZHUHWULDOVWKDWIROORZHGH[SHFWHGRXWFRPHVLHFRUUHFWQRQVZLWFK
WULDOV
3OHDVH QRWH WKDW WKH EHKDYLRUDO DQDO\VHV IRFXVVHG RQ WULDOV after a certain 
RXWFRPHWRDVVHVVHIIHFWRI OHDUQLQJIURPWKDWSUHYLRXVRXWFRPHZKLOHWKH(53
analyses focussed on the outcome trial itself to investigate neurophysiological 
UHVSRQVHVWRWKHRXWFRPH
Behavior
:HH[FOXGHGWKHȴUVWWULDORIHDFKEORFNDQGȆWRRODWHȇWULDOV57V!!PVIURP
DOOEHKDYLRUDODQDO\VHV7KHJURXSVGLGQRWGLIIHUZLWKUHVSHFW WR WKHDPRXQWRI
too late responses (t  p  PHDQKHDOWK\FRQWUROV PHDQ
SV\FKRSDWKLFVXEMHFWV 
$FFXUDF\  FRUUHFW DQG 57V ZHUH DQDO\VHG XVLQJ UHSHDWHG PHDVXUHV
$129$VZLWKWZRZLWKLQVXEMHFW IDFWRUVRXWFRPHYDOHQFH KDSS\YHUVXV IHDUIXO
DQGH[SHFWDQF\ XQH[SHFWHGRXWFRPHDVGHȴQHGDERYH LH UHYHUVDO WULDOV DIWHU
XQH[SHFWHGRXWFRPHVDQGQRQUHYHUVDOWULDOVDIWHUH[SHFWHGRXWFRPHVDQGJURXS
SV\FKRSDWKLFLQGLYLGXDOVKHDOWK\FRQWUROVDVDEHWZHHQVXEMHFWIDFWRU6LJQLȴFDQW
LQWHUDFWLRQVZHUHEURNHQGRZQLQWRVLPSOHHIIHFWV
3DJH_3DJH_ 5HVXOWV5HVXOWV
Electrophysiology
%UDLQ9LVLRQ$QDO\]HUY%UDLQ3URGXFWV*PE+0XQLFK*HUPDQ\ZDV
XVHG IRU WKH (53 DQDO\VHV )RU WKH )51 DQDO\VHV VLQJOHWULDO HSRFKV ZHUH ȴUVW
H[WUDFWHGUHODWLYHWRWKHSUHVHQWDWLRQRIWKHRXWFRPHVWLPXOXV7KHVHHSRFKVZHUH
FRUUHFWHGIRU(2*DUWHIDFWVXVLQJLQGHSHQGHQWFRPSRQHQWDQDO\VLV,&$$UWHIDFW
UHMHFWLRQZDVGRQHRQHOHFWURGHV)])&]DQG&]ZLWKDGLIIHUHQFHFULWHULRQRI
w9DQGDQDPSOLWXGHFULWHULRQRIw9WRw9(SRFKVZHUHDYHUDJHGIRUHDFK
subject and condition separately using a 200 ms pre-outcome baseline 
7KH)51DPSOLWXGHZDVGHȴQHGDVWKHGLIIHUHQFHEHWZHHQWKHPRVWQHJDWLYH
peak in the post- stimulus window of 200-400 and its preceding positive peak 
DW HOHFWURGH )] DQG )&] HJ &RKHQ	 5DQJDQDWK  *HQWVFK 8OOVSHUJHU 	
8OOVSHUJHU<HXQJ	6DQIH\
7KHGHULYHGLQGLYLGXDOPHDQ)51DPSOLWXGHVZHUHVXEPLWWHGWRVHSDUDWHLQLWLDO
UHSHDWHG PHDVXUHV $129$ ZLWK WKUHH ZLWKLQVXEMHFW IDFWRUV RXWFRPH YDOHQFH
KDSS\YHUVXVIHDUIXOH[SHFWDQF\XQH[SHFWHGYHUVXVH[SHFWHGHOHFWURGH)]DQG
)&]DQGJURXSDVDEHWZHHQVXEMHFWIDFWRUSV\FKRSDWKLFVXEMHFWVYHUVXVKHDOWK\
FRQWUROV
:HDOVRFRQGXFWHGFRUUHODWLRQVEHWZHHQ)51DPSOLWXGHVDQGSHUIRUPDQFHRQ
VXEVHTXHQWWULDOVIRUWKHXQH[SHFWHGQHJDWLYHDQGXQH[SHFWHGSRVLWLYHFRQGLWLRQ
DGMXVWHGDOSKD+ROP 
6.3. Results
Morphed facial emotion recognition task
Independent samples t-tests revealed that the groups did not differ with respect 
WR WKH HPRWLRQDO LQWHQVLW\ QHHGHG WR FRUUHFWO\ LGHQWLI\  RI WKH H[SUHVVLRQV
(fear: t p KDSS\t p 2QDYHUDJHKHDOWK\FRQWUROV
QHHGHGSD LQWHQVLW\IRUIHDUIXOIDFHVDQGSD IRUKDSS\
IDFHV3V\FKRSDWKLFVXEMHFWVQHHGHGSD IRUIHDUIXOIDFHVDQG
:HDGGLWLRQDOO\DQDO\]HGIHHGEDFNORFNHG3DPSOLWXGHV$UHSHDWHGPHDVXUHV$129$
UHYHDOHGODUJHU3DPSOLWXGHVIRUXQH[SHFWHGw9FRPSDUHGWRH[SHFWHGRXWFRPHV
w9F p 1RPDLQHIIHFWRIJURXSRUYDOHQFHZDVIRXQGERWKFs 
DQGQRLQWHUDFWLRQEHWZHHQYDOHQFHDQGH[SHFWDQF\F p 1RQHRI
WKHRWKHULQWHUDFWLRQVZHUHVLJQLȴFDQWDOOFs
(SD    IRU KDSS\ IDFHV )XUWKHUPRUH D UHSHDWHG PHDVXUHV $129$ ZLWK
HPRWLRQIHDUKDSS\DQGJURXSUHYHDOHGDPDLQHIIHFWRIHPRWLRQF 
p LQGLFDWLQJWKDWHPRWLRQDOLQWHQVLW\ZDVKLJKHUIRUIHDUIXOIDFHVPHDQ 
FRPSDUHGWRKDSS\IDFHVPHDQ 1RPDLQHIIHFWRIJURXSDQGQR
LQWHUDFWLRQEHWZHHQHPRWLRQ[JURXSZDVIRXQGERWKFs
FRN results
Results are illustrated in Figure 6.2. and Figure 6.3. 1RQH RI WKHPDLQ HIIHFWV
UHDFKHGVLJQLȴFDQFHJURXSF p Ƒt H[SHFWDQF\F
 p Ƒt )RUYDOHQFHDQGHOHFWURGHFs,PSRUWDQWO\KRZHYHU
WKHLQWHUDFWLRQVEHWZHHQYDOHQFH[JURXSF p Ƒt DQG
EHWZHHQH[SHFWDQF\[JURXSF p Ƒt ZHUHVLJQLȴFDQW
Figure 6.2. and Figure 6.3.1RQHRIWKHUHPDLQLQJWZRZD\LQWHUDFWLRQVDOOFs
p!RUWKHWKUHHZD\LQWHUDFWLRQVUHDFKHGVLJQLȴFDQFHDOOFsp
H[FHSWIRUWKHHOHFWURGH[H[SHFWDQF\[JURXSLQWHUDFWLRQF p 
Ƒt 7KHIRXUZD\LQWHUDFWLRQZDVQRWVLJQLȴFDQWF
7KHVLJQLȴFDQWLQWHUDFWLRQVZHUHIXUWKHULQYHVWLJDWHGE\DQDO\]LQJWKHOHYHOVRI
H[SHFWDQF\DQGYDOHQFHVHSDUDWHO\)RUH[SHFWHGRXWFRPHVRQO\LQGLYLGXDOVZLWK
SV\FKRSDWK\w9GLGQRWGLIIHUIURPKHDOWK\FRQWUROVw9F 
p  Ƒt  EXW WKH\GLVSOD\HGUHGXFHG)51DPSOLWXGHV IRUXQH[SHFWHG
RXWFRPHVw9FRPSDUHGWRWKHKHDOWK\FRQWUROVw9F p 
Ƒt $GGLWLRQDOO\WKHJURXSVGLGQRWGLIIHULQ)51DPSOLWXGHVIRUKDSS\
RXWFRPHVKHDOWK\FRQWUROV w9SV\FKRSDWKLFVXEMHFWV w9F 
p Ƒt EXWWKHSV\FKRSDWKLFJURXSw9VKRZHGDUHGXFWLRQ
IROORZLQJIHDUIXORXWFRPHVFRPSDUHGWRWKHKHDOWK\FRQWUROV w9F 
p Ƒt 
)LQDOO\ H[SORUDWRU\ DQDO\VHV ZHUH FRQGXFWHG WR LQYHVWLJDWH WKH UHGXFHG
DPSOLWXGHV RQ XQH[SHFWHG DQG RQ IHDUIXO RXWFRPHV IXUWKHU *URXSFRQWUDVWV
EHWZHHQ)51DPSOLWXGHVRQWKHIRXUGLIIHUHQWRXWFRPHVVKRZHGWKDWLQGLYLGXDOV
ZLWKSV\FKRSDWKLF VXEMHFWVKDG UHGXFHGDPSOLWXGHVRQO\RQXQH[SHFWHG IHDUIXO
outcomes (F p Ƒt DOORWKHUps!$VVXFKLWUHPDLQV
SRVVLEOHWKDWWKHODFNRIDWKUHHZD\LQWHUDFWLRQHIIHFWEHWZHHQJURXSYDOHQFHDQG
H[SHFWDQF\UHȵHFWVDUHODWLYHODFNRIVWDWLVWLFDOSRZHU
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Figure 6.2. 57V7RSKDOIPHDQVWDQGDUGHUURUDQGDFFXUDF\%RWWRPKDOIPHDQ
VWDQGDUGHUURUIRUERWKJURXSV33+&DQGDOOFRQGLWLRQVXQH[SHFWHGIHDUIXO
SXQLVKPHQWRXWFRPHV 83XQH[SHFWHGKDSS\UHZDUGRXWFRPHV 85H[SHFWHG
IHDUIXOSXQLVKPHQWRXWFRPHV(3DQGH[SHFWHGKDSS\UHZDUGRXWFRPHV(5
FRN amplitude at Fz/FCz (V)
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Figure 6.3. )51 DPSOLWXGHV FROODSVHG RYHU )] DQG )&] DQG IRU ERWK JURXSV 33
DQG+&DQGDOO IRXUFRQGLWLRQVXQH[SHFWHG IHDUIXOSXQLVKPHQWRXWFRPHV 83
XQH[SHFWHGKDSS\UHZDUGRXWFRPHV85H[SHFWHGIHDUIXOSXQLVKPHQWRXWFRPHV
(3DQGH[SHFWHGKDSS\UHZDUGRXWFRPHV(5
Behavioral results
0HDQUHDFWLRQWLPHVDQGDFFXUDF\IRUKHDOWK\FRQWUROVDQGSV\FKRSDWKLFVXEMHFWV
are illustrated in Figure 6.4. $ VLJQLȴFDQWPDLQ HIIHFW RI JURXS LQGLFDWHG ORZHU
RYHUDOO DFFXUDF\ UDWHV IRU WKH SV\FKRSDWKLF JURXS KHDOWK\ FRQWUROV   
SV\FKRSDWKLFVXEMHFWV F p Ƒt $PDLQHIIHFW
RI H[SHFWDQF\ ZDV IRXQG UHȵHFWLQJ WKDW UHVSRQVHV ZHUH OHVV DFFXUDWH DIWHU
XQH[SHFWHGRXWFRPHVLHUHYHUVDOFRPSDUHGWRH[SHFWHGRXWFRPHVLH
QRQUHYHUVDOF p Ƒt 7KHPDLQHIIHFWRIYDOHQFH
ZDVQRWVLJQLȴFDQWLQGLFDWLQJWKDWDFFXUDF\RQUHVSRQVHVDIWHUIHDUIXORXWFRPHV
 GLG QRW GLIIHU IURP DFFXUDF\ DIWHU KDSS\ RXWFRPHV  F   
p Ƒt 1RLQWHUDFWLRQEHWZHHQYDOHQFH[H[SHFWDQF\ZDVIRXQG
(F p Ƒt 1RQHRIWKHRWKHUWZRZD\LQWHUDFWLRQVRUWKH
WKUHHZD\LQWHUDFWLRQZDVVLJQLȴFDQWDOOFsVHHFigure 6.4.
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Figure 6.4. :DYHIRUPVDW)=IRUHDFKRIWKHIRXUFRQGLWLRQVZLWKWKH)51LQGLFDWHG
ZLWK DQ DUURZ XQH[SHFWHG IHDUIXOSXQLVKPHQW 83 XQH[SHFWHG KDSS\UHZDUG
85 H[SHFWHG IHDUIXOSXQLVKPHQW (3 DQG H[SHFWHG KDSS\UHZDUG RXWFRPHV
(5IRUWKHJURXSRISV\FKRSDWKV33DQGKHDOWK\FRQWUROV+&
Figure 6.4.GLVSOD\V WKHPHDQ57V IRU WKHKHDOWK\FRQWUROVDQGSV\FKRSDWKLF
VXEMHFWVIRUHDFKRIWKHFRQGLWLRQV7KHUHZDVDVLJQLȴFDQWPDLQHIIHFWRIH[SHFWDQF\
(F pƑt DQGYDOHQFHF p Ƒt 
7KHUHZDVQRPDLQHIIHFWRI*URXSF7KHLQWHUDFWLRQEHWZHHQYDOHQFH
DQGH[SHFWDQF\ZDVVLJQLȴFDQWF pƑt )ROORZXSWHVWV
IRUWKLVLQWHUDFWLRQUHYHDOHGWKDWIRUIHDUIXOIDFHV57VZHUHWKHVDPHIRUH[SHFWHG
DQGXQH[SHFWHGRXWFRPHV8) PV() PVtZKLOH57VDIWHUKDSS\
IDFHVZHUHIDVWHUDIWHUXQH[SHFWHGWKHQH[SHFWHGRXWFRPHV8+ PV(+ 
774 ms; t   p    1HLWKHU WKH LQWHUDFWLRQEHWZHHQ YDOHQFH DQG
group (F p Ƒt QRUEHWZHHQH[SHFWDQF\DQGJURXSQRU
WKHWKUHHZD\LQWHUDFWLRQZDVVLJQLȴFDQWERWKFsVHHFigure 6.4.
Correlation between FRN and accuracy
7RDVVHVVZKHWKHUWKHUHLVDUHODWLRQVKLSEHWZHHQ)51DPSOLWXGHVDQGEHKDYLRUDO
SHUIRUPDQFHFRUUHODWLRQVZHUHGRQHDFURVVJURXSV5HVXOWV LQGLFDWHGDQHJDWLYH
FRUUHODWLRQ EHWZHHQ )51 DPSOLWXGHV RQ XQH[SHFWHG IHDUIXO RXWFRPHV DQG
accuracy following these outcomes (r p DOORWKHUp!LQGLFDWLQJ
WKDWVPDOOHU LH OHVVQHJDWLYH)51DPSOLWXGHVZHUHDVVRFLDWHGZLWKGHFUHDVHG
accuracy on subsequent trials (see Figure 6.5.
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Figure 6.5. &RUUHODWLRQEHWZHHQ)51DPSOLWXGHVDW)]DQGDFFXUDF\RQXQH[SHFWHG
IHDUIXOSXQLVKPHQWWULDOVIRU33JUH\DQG+&EODFN
6.4. Discussion
7KH DLP RI WKH SUHVHQW VWXG\ ZDV WR LQYHVWLJDWH ZKHWKHU SV\FKRSDWK\ LV
DFFRPSDQLHG E\ D VSHFLȴF SXQLVKPHQWSURFHVVLQJ GHȴFLW RU E\ DPRUH JHQHUDO
SUREOHPZLWKWKHFRGLQJRIXQH[SHFWHGHYHQWVSUHGLFWLRQHUURUVDQGDVVRFLDWHG
EHKDYLRUDODGMXVWPHQW7KHSUHVHQWEHKDYLRUDOȴQGLQJVUHYHDOHGDJHQHUDOOHDUQLQJ
GHȴFLWLQSV\FKRSDWK\WKDWLVQRWUHVWULFWHGWROHDUQLQJIURPHLWKHUSXQLVKPHQWRU
UHZDUG2YHUDOOGHFUHDVHGOHDUQLQJLQSV\FKRSDWK\LVLQDFFRUGDQFHZLWKSUHYLRXV
work demonstrating impaired learning using performance feedback in this group 
HJ%XGKDQLHWDO0LWFKHOOHWDOYRQ%RUULHVHWDO
)XUWKHUPRUH WKLV JHQHUDO OHDUQLQJ GHȴFLW ZDV DFFRPSDQLHG E\ DEQRUPDO
QHXURSK\VLRORJLFDO SURFHVVLQJ LH UHGXFHG IHHGEDFNUHODWHG QHJDWLYLW\ GXULQJ
RI LQ SDUWLFXODU XQH[SHFWHG SXQLVKPHQW 7KLV REVHUYDWLRQ ZDV QRW VXSSRUWHG
3DJH_3DJH_ 'LVFXVVLRQ'LVFXVVLRQ
E\ D VWDWLVWLFDOO\ VLJQLȴFDQW LQWHUDFWLRQEHWZHHQ H[SHFWDQF\ YDOHQFH DQG JURXS
7KHUHIRUHWKHFXUUHQWGDWDGRQRWSURYLGHVWURQJHYLGHQFHLQIDYRURIRQHRIWKH
WZRK\SRWKHVHV,WUHPDLQVSRVVLEOHWKDWWKHJHQHUDOOHDUQLQJGHȴFLWGRHVQRWUHȵHFW
D VSHFLȴF SXQLVKPHQW SUHGLFWLRQ HUURUFRGLQJ GHȴFLW EXW UDWKHU D FRPELQDWLRQ
RI D JHQHUDO SXQLVKPHQW SURFHVVLQJ SUREOHPZLWK D JHQHUDO H[SHFWDQF\ FRGLQJ
SUREOHP
,Q OLQHZLWK WKH JHQHUDO H[SHFWDQF\FRGLQJSUREOHP WKH (53 UHVXOWV VKRZHG
GHFUHDVHG)51DPSOLWXGHVIRUWKHSV\FKRSDWK\JURXSLQUHVSRQVHWRERWKSRVLWLYH
DQGQHJDWLYHXQH[SHFWHGRXWFRPHV7KHVHȴQGLQJVFRPSOHPHQWDQHDUOLHUVWXG\
IURP RXU ODE VKRZLQJ GHȴFLWV LQ QHXURSK\VLRORJLFDO PHFKDQLVPV XQGHUO\LQJ
UHLQIRUFHPHQWOHDUQLQJ LPSDLUPHQWV LQ SV\FKRSDWK\ YRQ %RUULHV HW DO 
'XULQJ D SUREDELOLVWLF VWLPXOXVUHVSRQVH OHDUQLQJ WDVN OHDUQLQJ ZDV GHOD\HG LQ
WKHSV\FKRSDWKLFJURXS5HVSRQVH(51DPSOLWXGHVEXWQRW)51DPSOLWXGHVZHUH
GHFUHDVHGFRPSDUHGWRKHDOWK\FRQWUROVYRQ%RUULHVHWDOUHYHDOLQJLQWDFW
RXWFRPH SURFHVVLQJ LQ SV\FKRSDWK\ EXW D GLPLQLVKHG XVH RI WKH LQIRUPDWLRQ
$FFRUGLQJWRDSURPLQHQWPRGHORIWKH)51GLPLQLVKHGGHSHQGHQFHRQIHHGEDFN
ZKLOHOHDUQLQJSURJUHVVHVLVUHȵHFWHGLQGHFUHDVLQJ)51VDQGLQFUHDVLQJUHVSRQVH
(51VUHLQIRUFHPHQWOHDUQLQJPRGHO+ROUR\G	&ROHV7KHUHODWLRQEHWZHHQ
WKH)51DQG OHDUQLQJSHUIRUPDQFHKDVEHHQVXSSRUWHGE\VWXGLHVVKRZLQJ WKDW
)51V DUH ODUJHVW ZKHQ WKH LPSDFW RI WKH QHJDWLYH RXWFRPH LVPD[LPDO DQG E\
studies showing that the size of the amplitude predicts behavior on subsequent 
WULDOV&RKHQ	5DQJDQDWK+ROUR\G	&ROHVYDQGHU+HOGHQ%RNVHP
	%ORP,QWKHSUHVHQWSDUDGLJPXQH[SHFWHGRXWFRPHVDUHXVHGWRDGDSW
EHKDYLRURQVXEVHTXHQWWULDOVDQGDPSOLWXGHVVKRXOGWKXVEHODUJH,QWHUHVWLQJO\
the psychopathic individuals showed decreased amplitudes in particular (but not 
VHOHFWLYHO\ RQ WKHVH WULDOV 7KHVH ȴQGLQJVPD\ WKXV DW ȴUVW VHHP DW RGGV ZLWK
RXUHDUOLHUZRUN UHYHDOLQJ LQWDFW)51V LQSV\FKRSDWK\ YRQ%RUULHVHWDO
+RZHYHU XQOLNH WKH SUHVHQW SDUDGLJP WKH SUHYLRXV VWXG\ ZDV SUREDELOLVWLF LQ
QDWXUH&RQVHTXHQWO\QHJDWLYHRXWFRPHVGLGQRWUHTXLUHDEHKDYLRUDOFKDQJHRQ
HDFKXQH[SHFWHGRXWFRPH,WWKXVVHHPVWKDW)51DPSOLWXGHVDUHKLJKHULQKHDOWK\
controls than in psychopathic subjects only when the outcome is directly relevant 
IRUDEHKDYLRUDOFKDQJHRUXSGDWLQJRIVWLPXOXVRXWFRPHDVVRFLDWLRQV
Although these results suggest that psychopathy is associated with a general 
SUREOHP LQ SUHGLFWLRQ HUURU FRGLQJ WKHUH ZHUH DOVR LQGLFDWLRQV IRU JHQHUDO
SUREOHPV LQ SURFHVVLQJ RI SXQLVKPHQW WULDOV &RPSDUHG WR KHDOWK\ FRQWUROV
SV\FKRSDWKLF LQGLYLGXDOV KDG UHGXFHG )51V IRU IHDUIXO IDFHV EXW QRW IRU KDSS\
IDFHV LUUHVSHFWLYHRIZKHWKHU WKH\VLJQDOHGDEHKDYLRUDOVZLWFKRUQRW7KLV LV LQ
line with numerous studies showing reduced responsiveness to negative stimuli 
DQG RXWFRPHV LQGXFLQJ IHDU VSHFLȴFDOO\ HJ %HQQLQJ 3DWULFN 	 ,DFRQR 
%LUEDXPHUHWDO%ODLU0LWFKHOO3HVFKDUGWHWDO+RZHYHUDVUHGXFHG
DPSOLWXGHVWRIHDUIXORXWFRPHVDUHIRXQGRQH[SHFWHGWULDOVDVZHOORQZKLFKQR
EHKDYLRUDOVZLWFKLVUHTXLUHGLWLVXQOLNHO\WREHWKHVROHXQGHUO\LQJPHFKDQLVPV
IRUUHGXFHGRYHUDOOSHUIRUPDQFH,WLVPRUHOLNHO\WRUHȵHFWWKHJHQHUDOGHȴFLWLQ
GHFUHDVHGUHVSRQVLYHQHVVWRIHDUEXWQRWWKHGHȴFLWLQDGMXVWLQJSHUIRUPDQFHLQ
OHDUQLQJSDUDGLJPVSHUVH
)LQDOO\ WKH FRUUHODWLRQ DQDO\VHV UHYHDOHG D UHODWLRQVKLS EHWZHHQ DPSOLWXGHV
RQXQH[SHFWHGIHDUIXORXWFRPHVDQGUHYHUVDOSHUIRUPDQFHRQVXEVHTXHQWWULDOV
suggesting a close link between negative prediction error coding and behavioral 
DGMXVWPHQWVLQERWKJURXSV
7KH)51LVWKRXJKWWREHJHQHUDWHGLQWKHDQWHULRUFLQJXODWHFRUWH[*HKULQJ	
:LOORXJKE\+ROUR\G	&ROHV/XX7XFNHU'HUU\EHUU\5HHG	3RXOVHQ
 ZKLFK SURMHFWV WR DUHDV LQFOXGLQJ WKH VWULDWXP 'HFUHDVHG OHDUQLQJ DQG
GHFUHDVHG)51DPSOLWXGHVFRXOGUHȵHFWDSUREOHPDWWKHOHYHORIWKHDGMXVWPHQWV
RI WKH UHZDUGSUHGLFWLRQ VLJQDO UHVXOWLQJ LQ HUURQHRXV EHKDYLRUDO 7KH FXUUHQW
ȴQGLQJVWKXVȴWZLWKDSURSRVHGLPSDLUPHQWLQSURFHVVLQJRXWFRPHVOHDGLQJWRDQ
LQDELOLW\WRȵH[LEO\DGMXVWEHKDYLRUDFFRUGLQJWRHQYLURQPHQWDOGHPDQGV
)LQDOO\ WKLV LV WKHȴUVWVWXG\VKRZLQJ LPSDLUHG OHDUQLQJ IURPVRFLDORXWFRPH
FXHVLHHPRWLRQDOIDFHVDWERWKDEHKDYLRUDODQGDQHXURSK\VLRORJLFDOOHYHOLQ
SV\FKRSDWK\ )DFLDO H[SUHVVLRQV DUH DQ LPSRUWDQW VRXUFH RI LQIRUPDWLRQ DERXW
KRZRWKHUSHRSOHIHHODQGDUHHVVHQWLDOIRUVRFLDOOHDUQLQJ0RUHRYHUWKH\SOD\
DFHQWUDOUROHLQWKHFRQVWDQWDGDSWDWLRQRIEHKDYLRULQVRFLDO LQWHUDFWLRQV%ODLU
'LPLQLVKHGSURFHVVLQJRIVRFLDORXWFRPHVPD\H[SODLQWKHDFTXLVLWLRQDQG
SHUVLVWHQFH RI DQWLVRFLDO EHKDYLRU LQ SV\FKRSDWK\ %ODLU HW DO  VXJJHVWHG
in their ´revised violence inhibition model´ that individuals with psychopathy 
SUHVHQW ZLWK DQ DP\JGDOD G\VIXQFWLRQ OHDGLQJ WR LPSDLUHG HPRWLRQDO OHDUQLQJ
7KHVH OHDUQLQJPHFKDQLVPV DUH HVVHQWLDO LQ DFTXLULQJ VRFLDO EHKDYLRU OHDUQLQJ
3DJH_3DJH_ 5HIHUHQFHV'LVFXVVLRQ
WKH FRQVHTXHQFHV RI DQWLVRFLDO YLROHQW DFWLRQV DQG FRQWULEXWH WR GHȴFLWV LQ WKH
GHYHORSPHQWRIPRUDOHPRWLRQV%ODLU0LWFKHOO	%ODLU
7KHVWXG\KDVVHYHUDOVWUHQJWKVDQGOLPLWDWLRQV7KHSV\FKRSDWKLFJURXSLQWKLV
VWXG\UHSUHVHQWVDUHODWLYHO\KRPRJHQHRXVVFUHHQHGIRUPHGLFDWLRQGUXJXVHDQG
FRPRUELGLW\EXWVPDOOJURXSZLWKKLJKWUDLWVRISV\FKRSDWK\5HVXOWVVKRXOGEH
replicated in larger samples with a wider range of psychopathy scores to assess 
WKHUHODWLRQVKLSZLWKVSHFLȴFDVSHFWVRISV\FKRSDWK\)XUWKHUPRUHIXWXUHVWXGLHV
should investigate whether the present results generalize to community samples 
ZLWK KLJK WUDLWV RI SV\FKRSDWK\ EXW QR FULPLQDO KLVWRU\ 6HFRQGO\ LQ DQ HDUOLHU
VWXG\ LQ D KHDOWK\ VWXGHQW VDPSOH XVLQJ D VLPLODU SDUDGLJP YRQ%RUULHV HW DO
ZH IRXQG WKDW WKH )51 FRGHV IRU YDOHQFH EXW QRW H[SHFWDQF\ 7KLV HIIHFW
ZDVQRWIRXQGLQWKHSUHVHQWGDWD2QHSRVVLELOLW\ LVWKDWWKLVGLIIHUHQFHUHȵHFWV
GLVWLQFWKHDOWK\VXEMHFWFKDUDFWHULVWLFV,QWKHSUHVHQWVWXG\WKHKHDOWK\FRQWURO
VXEMHFWVZHUHPDWFKHGRQFKDUDFWHULVWLFVRI WKHSV\FKRSDWKLFJURXSVZKLOH WKH
HDUOLHUVWXG\FRQVLVWHGRIDKHDOWK\VWXGHQWVDPSOH
7RRXUNQRZOHGJHWKLVLVWKHȴUVWVWXG\VKRZLQJDJHQHUDOGHȴFLWLQSUHGLFWLRQ
HUURU FRGLQJ DQG DVVRFLDWHG EHKDYLRUDO DGMXVWPHQW LQ SV\FKRSDWK\ 7KHUH ZDV
VRPH HYLGHQFH IRU D VHOHFWLYH QHJDWLYH SUHGLFWLRQ HUURUFRGLQJ GHȴFLW EXW WKLV
ZDVZHDN)XWXUHVWXGLHVVKRXOGIXUWKHUGLVHQWDQJOHWKHDVSHFWVRIUHLQIRUFHPHQW
OHDUQLQJLQSV\FKRSDWK\LQYDU\LQJFRQWH[WVIRFXVLQJRQFLUFXLWVLQYROYHGLQOHDUQLQJ
VXFKDVIURQWRVWULDWDOORRSV$WKRURXJKXQGHUVWDQGLQJRIFRQGLWLRQVDQGFRQWH[WV
XQGHUZKLFK OHDUQLQJ LV LPSDLUHGFDQFRQWULEXWHWRWKHGHYHORSPHQWRIHɝFLHQW
WUHDWPHQWSURJUDPVFKDQJLQJORQJWHUPEHKDYLRULQWKLVGHWULPHQWDOGLVRUGHU
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7.1. Summary
7KH DLP RI WKH VWXGLHV SUHVHQWHG LQ WKLV WKHVLV LV WR DGYDQFH XQGHUVWDQGLQJ RI
cognitive and neural processes underlying psychopathy by investigating aspects of 
DIIHFWLYHRXWFRPHOHDUQLQJLQPDOHRIIHQGHUVZLWKSV\FKRSDWK\,QWXUQWKLVPD\
SURYLGHDQHXURVFLHQWLȴFEDVLVIRUFOLQLFDOLQWHUYHQWLRQVWKDWDUHDLPHGDWFKDQJLQJ
FKURQLF WUHDWPHQW UHVLVWDQW PDODGDSWLYH EHKDYLRU LQWR SURVRFLDO EHQHȴFLDO
EHKDYLRU
$OO FRPSOH[ HPRWLRQDO UHVSRQGLQJ LV DIIHFWHG E\ DFWLRQ WHQGHQFLHV VXFK DV
PRYLQJWRZDUGVSRVLWLYHDQGDYRLGLQJQHJDWLYHVWLPXOL&KHQ	%DUJK/DQJ
%UDGOH\	&XWKEHUW $V VKRZQ LQFigure 1.1. D VWLPXOXVPD\ LWVHOI HOLFLW
approach or avoidance tendencies by evoking a representation of the associated 
DIIHFWLYHRXWFRPH,IDQDSSHWLWLYHVWLPXOXVVXFKDVDKDSS\IDFHZKLFKHOLFLWV
DQ LQQDWHO\ VSHFLȴHG DSSURDFK UHVSRQVH UHTXLUHV E\ LQVWUXFWLRQ D ZLWKGUDZDO
UHVSRQVHWKHQWKLVZLOOEHKDUGHUFRPSDUHGWRWKHVLWXDWLRQZKHUHWKHVWLPXOXV
UHTXLUHVE\LQVWUXFWLRQDQDSSURDFKUHVSRQVH&KDSWHUGHVFULEHVDEHKDYLRUDO
VWXG\IRFXVLQJRQVRFLDODSSURDFKDYRLGDQFHWHQGHQFLHVWRZDUGVIDFLDOH[SUHVVLRQV
FRQYH\LQJVRFLDOPHVVDJHVWRWKHREVHUYHU)DFLDOH[SUHVVLRQVDUHLPSRUWDQWVRXUFHV
RI VRFLDO IHHGEDFN GXULQJ FRPSOH[ VRFLDO LQWHUDFWLRQV %ODLU  3HVFKDUGW
0RUWRQ	%ODLU5XVVHOO%DFKRURZVNL	)HUQDQGH]'ROV$QJU\ORRNV
IRUH[DPSOHFRXOGSRWHQWLDOO\LQGLFDWHWKUHDWDQGGDQJHUDQGFDOOIRUOHDYLQJWKH
VLWXDWLRQWRUHGXFHULVNVRIJHWWLQJKDUPHG0DUVK$PEDG\	.OHFN+DSS\
IDFHVKRZHYHUDUH LQYLWLQJDQGDUHXVXDOO\DSSURDFKHG ,WKDVEHHQVKRZQZLWK
tasks similar to the one used in this chapter that healthy people generally move 
DZD\IURPDQJU\IDFHVEXWDSSURDFKKDSS\IDFHV &KHQ	%DUJK/DQJHW
DO0DUVKHWDO5RHORIV0LQHOOL0DUVYDQ3HHU	7RQL9ROPDQ
7RQL 9HUKDJHQ 	 5RHORIV  3V\FKRSDWK\ LV NQRZQ WR EH DFFRPSDQLHG E\
PDUNHGVRFLDOHPRWLRQDOSUREOHPVVXFKDVKLJKOHYHOVRIDJJUHVVLRQ%ODLU0LWFKHOO
	%ODLU$OVRWKH\VKRZDEQRUPDOLWLHVLQEUDLQDUHDVLQYROYHGLQDSSURDFK
DYRLGDQFHEHKDYLRUVXFKDVWKHRUELWRIURQWDOFRUWH[DQGWKHDP\JGDOD%LUEDXPHU
HWDO&UDLJHWDO0REEVHWDO5RHORIVHWDO<DQJ5DLQH
&ROOHWWL7RJD	1DUU:HK\SRWKHVL]HGWKDWUHGXFHGSHUVRQDOGLVWUHVVLH
VHOIRULHQWHGIHHOLQJVRISHUVRQDODQ[LHW\LQWHQVHLQWHUSHUVRQDOVHWWLQJDQGKLJK
levels of instrumental aggression might be due to abnormal action tendencies 
WRZDUGVVRFLDOVWLPXOL:HIRXQGDUHGXFHGWHQGHQF\WRDYRLGDQJU\IDFHVZKLFK
was negatively related to levels of instrumental aggression and positively related 
WRWKHDELOLW\WRH[SHULHQFHVHOIRULHQWHGSHUVRQDODQ[LHW\DQGGLVFRPIRUWLQWHQVH
VRFLDO VLWXDWLRQV 7KLV ODWWHU FDQEH VHHQDVD IRUPRIHPSDWK\ 7DNHQ WRJHWKHU
the results indicate that responding to social outcome stimuli in psychopathy is 
impaired at a basic level of automatic action tendencies and that this is related to 
VHULRXVVRFLDOHPRWLRQDOV\PSWRPVRISV\FKRSDWK\
&KDSWHU IRFXVHGRQ UHZDUGDQWLFLSDWLRQ LQSV\FKRSDWK\$VRXWOLQHG LQ WKH
introduction an important aspect of correctly adjusting behavior according to 
UHLQIRUFHPHQWLQIRUPDWLRQIURPWKHHQYLURQPHQWLVWKHGHWHFWLRQRIDQXQH[SHFWHG
RXWFRPHVLJQDOLQJDFKDQJHLQFRQVHTXHQFHVRIDQHYHQW,QRUGHUWRGHWHFWFKDQJHV
RQHKDVWRFRPSDUHWKHH[SHFWHGRXWFRPHWRWKHDFWXDORQH)RUPLQJDQH[SHFWDWLRQ
LQYROYHVWKHDQWLFLSDWLRQRISXQLVKPHQWDQGUHZDUG6HYHUDOPRGHOVVXJJHVWWKDW
psychopathic behavior is predominantly driven by a focus on rewarding or positive 
RXWFRPHV ZLWKRXW SD\LQJ HQRXJK DWWHQWLRQ WR QHJDWLYH FRQVHTXHQFHV /\NNHQ
 1HZPDQ 3DWWHUVRQ +RZODQG 	 1LFKROV  5HFHQWO\ WZR IXQFWLRQDO
05,VWXGLHVKDYHSURYLGHGHYLGHQFHIRUUHZDUGH[SHFWDWLRQK\SHUVHQVLWLYLW\DWD
neuronal level in healthy persons from the community with psychopathic traits 
%MRUN&KHQ	+RPPHU%XFNKROW]HWDO,QWKHVHVWXGLHVWKHLPSXOVLYH
DQWLVRFLDOWUDLWVRISV\FKRSDWK\VKRZHGDSRVLWLYHUHODWLRQZLWK%2/'VLJQDOLQWKH
ULJKWYHQWUDOVWULDWXPGXULQJWKHDQWLFLSDWLRQRIUHZDUG,QFKDSWHUWKHDLPZDV
WRUHSOLFDWHDQGH[WHQGUHVXOWVWRPDOHSV\FKRSDWKLFRIIHQGHUV5HVXOWVUHYHDOHG
WKDWD3&/5GHȴQHG3&/5ȲJURXSRIPDOHRIIHQGHUVDQGDKHDOWK\FRQWUROV
JURXSVFRULQJKLJKRQDQWLVRFLDO LPSXOVLYHWUDLWVVKRZHGVLPLODU%2/'DFWLYLW\LQ
WKHYHQWUDOVWULDWXPGXULQJUHZDUGDQWLFLSDWLRQ$KHDOWK\FRQWUROJURXSVFRULQJ
ORZRQDQWLVRFLDO LPSXOVLYH WUDLWVKRZHYHU VKRZHG OHVV%2/'DFWLYLW\ FRPSDUHG
WR WKH IRUPHU WZR JURXSV $OWKRXJK WKLV FRQȴUPV HDUOLHU UHVXOWV %MRUN HW DO
%XFNKROW]HWDOLWDOVRVKRZVWKDWUHZDUGDQWLFLSDWLRQSHUVHFDQQRW
differentiate criminal psychopaths from noncriminal community members scoring 
KLJKRQDQWLVRFLDO LPSXOVLYH WUDLWV&ULWLFDOO\HDUOLHUȴQGLQJVZHUHDOVRH[WHQGHG
by assessing connectivity between the ventral striatum and frontal regions during 
UHZDUG DQWLFLSDWLRQ 'LIIHUHQWLDO WDVNGHSHQGHQW FRXSOLQJ EHWZHHQ WKH DQWHULRU
YHQWUDOVWULDWXPDQGGP3)&LQWKHSV\FKRSDWKLFLQGLYLGXDOVFRPSDUHGWRWKHKLJK
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VFRULQJ KHDOWK\ FRQWUROV DUH VKRZQ :KHUHDV DOO KLJK VFRULQJ KHDOWK\ FRQWUROV
VKRZDQHJDWLYHFRXSOLQJDOOSV\FKRSDWKLF LQGLYLGXDOVVKRZDSRVLWLYHFRXSOLQJ
2XUȴQGLQJVVXJJHVW WKDWSV\FKRSDWKVZLWKFOLQLFDOO\PDQLIHVWFULPLQDOEHKDYLRU
are characterized by abnormal input from the reward-related ventral striatum to 
SUHIURQWDOUHJLRQVUHJXODWLQJFRJQLWLYHFRQWURORIEHKDYLRU7KHFOLQLFDOUHOHYDQFHRI
RXUFRQQHFWLYLW\ȴQGLQJVWRSV\FKRSDWK\LVIXUWKHUVXSSRUWHGE\LWVUHODWLRQWRWKH
FOLQLFDOVWDQGDUGIRUGLDJQRVLQJSV\FKRSDWK\3&/5WKHPRUHWKHFRQQHFWLYLW\RI
DSV\FKRSDWKLFVXEMHFWGHYLDWHGIRUPWKHKLJKVFRULQJKHDOWK\FRQWUROJURXSWKH
PRUHVXFKDVXEMHFWVKRZHGDSV\FKRSDWKLFOLIHVW\OHIDFWRU3&/57KHVHUHVXOWV
show that enhanced processing of reward in the ventral striatum generalizes 
IURPVXEFOLQLFDOWRFOLQLFDOSV\FKRSDWKLFVDPSOHV&ULWLFDOO\KRZHYHUGLIIHUHQFHV
EHWZHHQFULPLQDODQGQRQFULPLQDOSV\FKRSDWK\PD\UHȵHFWGLIIHUHQWLDOWUDQVIHURI
aberrant reward signalling in the ventral striatum to medial frontal regions of the 
EUDLQWKDWFRQWUROGHFLVLRQPDNLQJ
&KDSWHU  UHSRUWV DQ H[SHULPHQW LQ ZKLFK WULDODQGHUURU VWLPXOXVUHVSRQVH
OHDUQLQJZDVLQYHVWLJDWHGLQSV\FKRSDWK\(OHFWURSK\VLRORJLFDOPDUNHUVRILQWHUQDO
UHVSRQVH(51DQGH[WHUQDOHUURULQIRUPDWLRQIHHGEDFN(51DQGWKHLUUHODWLRQ
were tested according to a prominent reinforcement learning model (Holroyd 
	 &ROHV  $FFRUGLQJ WR WKLV PRGHO D QRUPDO OHDUQLQJ SURFHVV ZRXOG EH
DFFRPSDQLHGE\VPDOOUHVSRQVH(51VDQGODUJHIHHGEDFN(51VLQWKHLQLWLDOSKDVH
RIOHDUQLQJUHȵHFWLQJGHSHQGHQFHRQIHHGEDFNVWLPXOLDVORQJDVVWLPXOXVUHVSRQVH
PDSSLQJKDVWREHLQWHUQDOL]HG2QFHWKLVPDSSLQJKDVEHHQOHDUQHGGHSHQGHQFH
RQWKHUHLQIRUFHUGHFUHDVHVZKLFKLVDFFRPSDQLHGE\GHFUHDVHVLQIHHGEDFN(51
DPSOLWXGHVDQGLQFUHDVHVLQUHVSRQVH(51DPSOLWXGHV&KDSWHUVKRZVWKDWPDOH
RIIHQGHUVZLWKKLJKVFRUHVRQWKH3&/5VKRZHGVORZHUOHDUQLQJWKURXJKRXWWKH
WDVN EXW UHDFKHG VLPLODU SHUIRUPDQFH OHYHOV DV GLG KHDOWK\ FRQWUROV LQ WKH ODVW
SKDVHRIWKHWDVN7KLVZDVDFFRPSDQLHGE\QRUPDOIHHGEDFN(51DPSOLWXGHVEXW
UHGXFHGUHVSRQVH(51DPSOLWXGHV7KLVLQGLFDWHVWKDWVXEMHFWVZLWKSV\FKRSDWK\
GR FRUUHFWO\ GHWHFW XQH[SHFWHG QHJDWLYH RXWFRPHV EXW GR QRW LQWHUQDOL]H WKLV
IHHGEDFNDQGFRQVHTXHQWO\PDNH OHVVXVHRI LW 7DNHQ WRJHWKHU WKLV VKRZV WKDW
psychopathy is related to impaired formation and generalization of stimulus-
UHVSRQVH DVVRFLDWLRQVEDVHGRQ H[WHUQDO QHJDWLYH IHHGEDFN /HDUQLQJGRHV WDNH
SODFHEXWDWDVORZHUSDFHLHPRUHWULDOVDUHQHHGHG:HVXJJHVWWKDWWKLVLVGXH
to reduced internalisations of stimulus-response mappings and reduced usage of 
information needed to correctly adapt responses
&KDSWHU  LV D VWXG\ LQ KHDOWK\ FRQWUROV LQYHVWLJDWLQJ HIIHFWV RI YDOHQFH DQG
H[SHFWDQF\RQWKH)51LQDVWLPXOXVRXWFRPHOHDUQLQJWDVN7KLVWDVNLVGHVLJQHG
WR LQYHVWLJDWH HIIHFWV RI ERWK SRVLWLYH DQG QHJDWLYH SUHGLFWLRQ HUURUV 3UHYLRXV
VWXGLHVGLVHQWDQJOLQJYDOHQFHDQGH[SHFWDQF\HIIHFWV&KDVH6ZDLQVRQ'XUKDP
%HQKDP	&RROV GH%UXLMQ+XOVWLMQ 9HUNHV 5XLJW	 6DEEH 0DUV
GH%UXLMQ+XOVWLMQ0LOWQHU	&ROHV2OLYHLUD0F'RQDOG	*RRGPDQ
3IDELJDQ$OH[RSRXORV%DXHU	 6DLOHU  YDQGHU+HOGHQ%RNVHP	%ORP
FRQIRXQGHGQHJDWLYHRXWFRPHSURFHVVLQJZLWKWKHQHHGWRDGMXVWEHKDYLRU
2QO\ QHJDWLYH RXWFRPHV VLJQDOOHG D QHHG WR FKDQJH EHKDYLRU ,Q WKH SUHVHQW
SDUDGLJP ERWK SRVLWLYH DQG QHJDWLYH XQH[SHFWHG RXWFRPHV VLJQDOOHG WKH QHHG
WR DGMXVW UHVSRQGLQJ RQ VXEVHTXHQW WULDOV 3UHGLFWLRQ HUURUV ZHUH LQGH[HG E\
)51DPSOLWXGHV+ROUR\G	&ROHV5HVXOWVVKRZHGWKDWWKH)51LQKHDOWK\
FRQWUROV LV VHQVLWLYH WRYDOHQFHEXWQRW WRH[SHFWDQF\([SHFWDQF\KRZHYHUZDV
UHȵHFWHGLQ3DPSOLWXGHV)51DPSOLWXGHVZHUHODUJHVWRQQHJDWLYHRXWFRPH
WULDOVZKLOH3DPSOLWXGHVZHUHODUJHVWRQXQH[SHFWHGWULDOV:HVXJJHVWWKDWWKH
)51UHȵHFWVDQHYDOXDWLRQDORQJDJRRGEDGGLPHQVLRQUDWKHUWKHQDSUHGLFWLRQ
HUURURUDUROHLQEHKDYLRUDODGDSWDWLRQV7KH3RQWKHRWKHUKDQGUHȵHFWVWKH
XSGDWLQJRILQIRUPDWLRQUHOHYDQWIRUEHKDYLRULQDFKDQJLQJFRQWH[W
In Chapter 6 the same task was employed in male offenders with high 
SV\FKRSDWK\ VFRUHV RQ WKH 3&/5 WR LQYHVWLJDWH VWLPXOXVRXWFRPH OHDUQLQJ DQG
HOHFWURSK\VLRORJLFDO PDUNHUV RI SUHGLFWLRQ HUURU FRGLQJ :H REVHUYHG WKDW WKH
group of psychopathic individuals showed decreased overall learning compared to 
WKHKHDOWK\FRQWUROV)XUWKHUPRUHGHȴFLHQWSURFHVVLQJRIWKRVHWULDOVPRVWFUXFLDO
WRSHUIRUPLQJZHOORQWKLVWDVNLHXQH[SHFWHGRXWFRPHVVLJQDOOLQJWKHQHHGIRU
DEHKDYLRUDOVZLWFKRQXSFRPLQJWULDOVZDVUHȵHFWHGLQUHGXFHG)51DPSOLWXGHV
Amplitudes on both positive as well as negative prediction error trials were 
GHFUHDVHGFRPSDUHGWRDPSOLWXGHVLQKHDOWK\FRQWUROV7KLVGHȴFLWLQSURFHVVLQJ
FUXFLDOWULDOVLVVXJJHVWHGWRUHVXOWLQWKHGHFUHDVHGRYHUDOOSHUIRUPDQFH+RZHYHU
a direct link between these outcomes and performance on subsequent trials could 
RQO\ EH VKRZQ IRU XQH[SHFWHG QHJDWLYH RXWFRPHV EXW QRW XQH[SHFWHG SRVLWLYH
RXWFRPHV7KLVVWXG\LVWKHȴUVWLQYHVWLJDWLRQRIOHDUQLQJLQSV\FKRSDWK\LQZKLFK
3DJH_3DJH_ &XUUHQWPRGHOVRISV\FKRSDWK\,QWHJUDWLRQRIPDLQȴQGLQJV
positive and negative prediction error coding was disentangled and not confounded 
E\DPLVEDODQFHGQHHGWRDGMXVWEHKDYLRUHJLQFRPPRQSDUDGLJPVRQO\QHJDWLYH
RXWFRPHVVLJQDOWKHQHHGWRVZLWFKUHVSRQGLQJ7KHVHSUHOLPLQDU\UHVXOWVVXJJHVW
DJHQHUDOGHȴFLWLQSUHGLFWLRQHUURUFRGLQJUDWKHUWKDQDVSHFLȴFGHȴFLWLQQHJDWLYH
SUHGLFWLRQHUURUFRGLQJ
7.2. ,QWHJUDWLRQRIPDLQȴQGLQJV
$OO RI WKH DERYH VWXGLHV VXJJHVW WKDW SV\FKRSDWK\ LV UHODWHG WR GHȴFLHQFLHV LQ
DIIHFWLYH RXWFRPH SURFHVVLQJ %RWK HDUO\ DFWLRQ WHQGHQFLHV HOLFLWHG E\ VWLPXOXV
YDOHQFH&KDSWHUDQGVXESURFHVVHVRIWKHHUURUFRGLQJV\VWHPDUHDIIHFWHGLQ
SV\FKRSDWK\DQGOHDGWRPDODGDSWLYHEHKDYLRU&KDSWHU
(YHQDWDQHDUO\VWDJHVWLPXOXVYDOHQFHGRHVQRWVHHPWRLPSDFWSV\FKRSDWKVLQ
WKHVDPHZD\LWGRHVLQKHDOWK\VXEMHFW6RFLDOWKUHDWVWLPXOLGLGQRWHOLFLWDYRLGDQFH
WHQGHQFLHVDVWKH\FRPPRQO\GRLQKHDOWK\FRQWURO&KDSWHUZKLFKZDVVKRZQ
WREHUHODWHGWRVSHFLȴFEHKDYLRUDODQGHPRWLRQDODEQRUPDOLWLHVLQSV\FKRSDWK\
Several processes involved in adapting behavior based on reinforcers are part 
RI WKH HUURU FRGLQJ V\VWHP GHVFULEHG LQ WKH LQWURGXFWLRQ ,Q VKRUW WKLV V\VWHP
FRPSDUHVH[SHFWHGRUDQWLFLSDWHGRXWFRPHVWRDFWXDORXWFRPHVZKLFKUHVXOWVLQD
VLJQDOLQGLFDWLQJZKHWKHUEHKDYLRUKDVWREHDGMXVWHGLQWKHIXWXUH0LVFDOFXODWLRQV
LQWKHUHVXOWLQJȆDGYLFHȇFRXOGEHGXHWRGLɝFXOWLHVLQUHFRJQL]LQJWKHDFWXDORXWFRPH
FRXOG OLH LQ LQDGHTXDWH DQWLFLSDWLRQ RI RXWFRPH RU DW WKH OHYHO RI FRPSDULVRQ
)LQDOO\HYHQLIWKHDGYLFHLVFRUUHFWLWVWLOOQHHGVWREHLPSOHPHQWHGLHXVHGWR
DGMXVWEHKDYLRU
We have shown that the anticipation of rewarding outcomes is accompanied 
by hyperactivity in the ventral striatum in individuals with high psychopathic traits 
ZLWKDQGZLWKRXW FULPLQDOKLVWRU\ &KDSWHU ,PSRUWDQWO\ FRQQHFWLYLW\ȴQGLQJV
suggest that clinical and criminal psychopathy is characterized by abnormal input 
RI WKLVK\SHUDFWLYLW\ WR UHJLRQV UHJXODWLQJ FRJQLWLYH FRQWURORIEHKDYLRU GP3)&
FRPSDUHG WRVXEMHFWVZLWKVLPLODU WUDLWVRISV\FKRSDWK\EXWQRFULPLQDOKLVWRU\
%HVLGHV DQWLFLSDWLRQ RI RXWFRPHV FRUUHFW SURFHVVLQJ RI H[WHUQDO IHHGEDFN LV
QHFHVVDU\ WR SHUIRUP ZHOO LQ RXWFRPH EDVHG OHDUQLQJ 3URFHVVLQJ RI H[WHUQDO
IHHGEDFN ZDV LQYHVWLJDWHG LQ WZR ZD\V &KDSWHU  IRFXVHG RQ KRZ H[WHUQDO
IHHGEDFNLVSURFHVVHGLQWHUQDOL]HGDQGXVHGLQWKHIXWXUHLQDVWLPXOXVUHVSRQVH
OHDUQLQJWDVNZKHUHUXOHVKDGWREHOHDUQLQJEDVHGRQWULDODQGHUURU7KHȴQGLQJV
show that individuals with psychopathy do show comparable electrophysiological 
VLJQDWXUHV RI H[WHUQDO IHHGEDFN SURFHVVLQJ )51 DPSOLWXGHV +RZHYHU VORZHG
SHUIRUPDQFH DQG UHGXFHG UHVSRQVH (51 DPSOLWXGHV LQGLFDWH WKDW WKH VLJQDO LV
QRW DGHTXDWHO\ XVHG DQG LQWHUQDOL]HG UHVXOWLQJ LQ VORZHG OHDUQLQJ &KDSWHU 
IRFXVHG RQ SUHGLFWLRQ HUURU FRGLQJ GXULQJ VWLPXOXVRXWFRPH OHDUQLQJ 5HVXOWV
VXJJHVW DQ RYHUDOO GHFUHDVHG SUHGLFWLRQ HUURU FRGLQJ DV )51 DPSOLWXGHV LQ WKH
psychopathic group were smaller to both positive and negative outcomes signaling 
DFKDQJHLQEHKDYLRU,WLVVXJJHVWHGWKDWWKLVOHDGVWRGHFUHDVHGSHUIRUPDQFHLQ
WKHSV\FKRSDWKLFJURXSFRPSDUHGWRWKHKHDOWK\FRQWUROV$GLUHFW OLQNEHWZHHQ
performance and prediction error coding could however only be demonstrated for 
WKHXQH[SHFWHGQHJDWLYHRXWFRPHV
,W LV LPSRUWDQW WR QRWH WKDW ZH XVHG WKH )51 WR LQGH[ GLIIHUHQW SURFHVVHV
GHSHQGLQJ RQ WKH H[SHULPHQWDO SDUDGLJP ,Q &KDSWHU  ZH LQYHVWLJDWHG
performance monitoring as the feedback in this paradigm provides information 
about whether a response is in accordance with the stimulus- response mapping 
LH WKH RXWFRPH VHUYHV DV UHLQIRUFHPHQW ,Q FRQWUDVW WKH SDUDGLJPV XVHG LQ
&KDSWHUDQGDUHVWLPXOXVRXWFRPHOHDUQLQJWDVNZKHUHWKHRXWFRPHGRHVQRW
GHSHQGRQWKHUHVSRQVHJLYHQDQGWKXVGRHVQRWUHȵHFWSHUIRUPDQFHIHHGEDFN
DV WKH RXWFRPHV GR QRW LQGXFH UHLQIRUFHPHQW EXW VLPSO\ D SDVVLYHO\ REWDLQHG
SUHGLFWDEOHRXWFRPH,QRUGHUWRNQRZZKHWKHURQHKDVJLYHQDFRUUHFWSUHGLFWLRQ
DERXW WKHRXWFRPH LHSHUIRUPDQFH IHHGEDFN VXEMHFWVKDYH WR FRPSDUH WKHLU
SUHGLFWHGRXWFRPHWRWKHDFWXDORQH,IWKH\PDWFKWKH\SHUIRUPHGZHOO
While former research concerned with adaptation of behavior in psychopathy 
KDVIRUHPRVWIRFXVHGRQGHPRQVWUDWLQJDEHKDYLRUDOGHȴFLWWKHSUHVHQWVWXGLHV
provide additional information about which processes related to reinforcement 
SURFHVVLQJDUHGHȴFLHQW LQPDOHRIIHQGHUVZLWKKLJK WUDLWVRISV\FKRSDWK\XVLQJ
EHKDYLRUDOQHXUDODQGHOHFWURSK\VLRORJLFDOPHDVXUHV
7.3. Current models of psychopathy
As reviewed in the introduction several neurocognitive models of psychopathy 
H[LVW $OO RI WKHP DUH YDOXDEOH ZRUNLQJ K\SRWKHVLV VWLPXODWLQJ QHXURFRJQLWLYH
UHVHDUFK LQ LQGLYLGXDOVZLWKSV\FKRSDWK\ +RZHYHU LW LVQRW HDV\ WRH[SODLQDOO
3DJH_3DJH_ $PRGHORIRXWFRPHOHDUQLQJLQSV\FKRSDWK\$PRGHORIRXWFRPHOHDUQLQJLQSV\FKRSDWK\
RI WKH SUHVHQW H[SHULPHQWV LQ WHUPV RI RQH RI WKHVHPRGHOV )RU H[DPSOH WKH
ORZ IHDU K\SRWKHVLV GRHV QRWPDNH H[SOLFLW SUHGLFWLRQV DERXW HIIHFWV RI UHZDUG
LQ SV\FKRSDWK\ 7KH UHVSRQVH PRGXODWLRQ K\SRWKHVLV PDNHV SUHGLFWLRQV HDUO\
DWWHQWLRQDOSURFHVVHV LH DWWHQWLRQDOȴOWHURUERWWOHQHFN 3URFHVVHV DVVHVVHG LQ
WKHSUHVHQWWKHVLVKRZHYHUGRQRWUHȵHFWVLPSOHDWWHQWLRQDOVWLPXOXVSURFHVVLQJ
EXWUDWKHUKLJKHUUHJXODWRU\SURFHVVHVVXFKDVDGMXVWLQJUHVSRQVHV$GGLWLRQDOO\
there was no attentional competition between stimuli in the paradigms used in 
WKHSUHVHQWWKHVLVLHDOOVWLPXOLWKDWKDGWREHUHVSRQGHGWRZHUHSUHVHQWHGDV
DVLQJOHREMHFW)LQDOO\WKH,(6PRGHODVVXPHVLPSDLUPHQWVLQVWLPXOXVRXWFRPH
but not stimulus-response associations as the latter does not involve an association 
ZLWKDUHLQIRUFHU,QWKHVWLPXOXVUHVSRQVHSDUDGLJPXVHGLQFKDSWHUKRZHYHU
WKHVWLPXOXVUHVSRQVHPDSSLQJKDVWREHOHDUQHGE\XVLQJUHLQIRUFHPHUV$VVXFK
LWLVQRWFOHDUZKDWWKH,(6PRGHOZRXOGSUHGLFW
,WPLJKW VHHPD ODUJH VWHSEXWXOWLPDWHO\DQG LGHDOO\ZHQHHGDPRGHO WKDW
H[SODLQVV\PSWRPVRISV\FKRSDWK\RQDFRJQLWLYHQHXUDODQGELRORJLFDO OHYHO$
ȴUVWVWHSLVWRLQWHJUDWHDWWHQWLRQDODQGHPRWLRQDODFFRXQWVLQWRRQHPRGHODVLW
LV XQOLNHO\ WKDW D VLQJOH QHXURFRJQLWLYH GHȴFLW FRXOG H[SODLQ WKH EURDG UDQJH RI
V\PSWRPVREVHUYHGLQSV\FKRSDWK\$VHFRQGVWHSZRXOGEHWRUHȴQHPRGHOVDW
ERWKDFRJQLWLYHDQDWRPLFDODQGELRORJLFDO OHYHOEDVHGRQH[LVWLQJNQRZOHGJHRI
WKHKHDOWK\EUDLQ,GRQRWZDQWWRVXJJHVWWKDWWKHH[LVWLQJPRGHOVFDQQRWH[SODLQ
FHUWDLQEHKDYLRUDOSDWWHUQVLQSV\FKRSDWK\:KDW,ZDQWWRFRQYH\KRZHYHULVWKDW
WKH\GRQRWȴWZLWKWKHFXUUHQWGDWDVHWV,QWKHQH[WVHFWLRQ,ZLOOH[SODLQWKHGDWD
XVLQJPRGHOVRIUHLQIRUFHPHQWSURFHVVLQJZKLFKDUHQRQVSHFLȴFWRSV\FKRSDWK\
7.4. A model of outcome learning in psychopathy
,QWKHIROORZLQJ,SURSRVHWRH[SODLQRXWFRPHSURFHVVLQJGLɝFXOWLHVLQSV\FKRSDWK\
LQWHUPVRIH[LVWLQJQHXURFRJQLWLYHUHLQIRUFHPHQWPRGHOV7KHVHPRGHOVDUHPRUH
detailed in terms of underlying neurocognitive processes involved in reinforcement 
OHDUQLQJWKDQPRGHOVRISV\FKRSDWK\ZKLFKDUHDLPHGDWH[SODLQLQJSV\FKRSDWK\
E\VSHFLI\LQJGHȴFLHQWQHXURFRJQLWLYHSURFHVVHV,QVWHDGRIDGHWDLOHGGHVFULSWLRQ
RIRQHEHKDYLRUDOIDFHWDQGLWVXQGHUO\LQJQHXURFRJQLWLYHPHFKDQLVPVWKHH[LVWLQJ
PRGHOVRISV\FKRSDWK\DLPDWH[SODLQLQJDOOIDFHWVRISV\FKRSDWK\7KLVQDWXUDOO\
UHVXOWVLQOHVVGHWDLORQDQHXURFRJQLWLYHSURFHVVOHYHO%\XVLQJGHWDLOHGNQRZOHGJH
DERXW QHXURFRJQLWLYH SURFHVVHV LQYROYHG LQ UHLQIRUFHPHQW SURFHVVLQJ ZH ZLOO
be able to clarify in more detail which aspects of reinforcement processing are 
DEQRUPDOLQSV\FKRSDWK\7KLVNQRZOHGJHFDQWKHQEHIHGEDFNWRLQIRUPPRGHOV
RISV\FKRSDWK\8OWLPDWHO\ZHVXJJHVW WKDWVXFKDQDSSURDFKZLOO OHDGWRPRUH
GHWDLOHGQHXURFRJQLWLYHPRGHOVRISV\FKRSDWK\ ,ZLOOPDNHVXJJHVWLRQVRQKRZ
WRLQWHJUDWHRWKHUFRJQLWLYHGHȴFLWVHJQRWUHODWHGWRUHLQIRUFHPHQWSURFHVVLQJ
REVHUYHGLQSV\FKRSDWK\LQWRVXFKDPRGHO
([LVWLQJPRGHOV RI UHLQIRUFHPHQW OHDUQLQJ DUHPXFKPRUH ȴQHJUDLQHGZLWK
respect to disentangling different sub-processes involved in adjusting behavior 
based on reinforcement information compared to how detailed these processes 
DUHGHVFULEHGLQWKH50DQG,(6PRGHO7KLVHQDEOHVXVWRVSHFLI\ZKLFKRIWKHVH
aspects is compromised in psychopathy and leads to decreased performance on 
UHLQIRUFHPHQWOHDUQLQJWDVNV
$FFRUGLQJWRWKHUHLQIRUFHPHQWOHDUQLQJPRGHOE\+ROUR\GDQG&ROHVD
typical trial in a reinforcement learning paradigm starts with the presentation of a 
VWLPXOXVZKLFKLVSURFHVVHGLQWKHVHQVRU\FRUWLFHV7KHVWLPXOXVDFWLYDWHVVHYHUDO
SRVVLEOHPRWRUFRQWUROOHUV HJDP\JGDODGO3)&2)&ZKLFKDOO WU\ WR LQȵXHQFH
WKHPRWRUV\VWHP7KHVHPRWRUFRQWUROOHUVDUHDOOWLJKWO\FRQQHFWHGWRWKHDQWHULRU
FLQJXODWHFRUWH[$&&ZKHUHWKHGHFLVLRQLVPDGHDERXWZKLFKPRWRUSURJUDPLV
VHQWWRWKHPRWRUV\VWHP$VWKHDQWHULRUFLQJXODWHLVQDLYHDVWRZKLFKUHVSRQVH
LVEHVWLQWKHFRQWH[WRIWKHWDVNDWKDQGLWKDVWREHWUDLQHG7KHUHLQIRUFHPHQW
learning signal is conveyed by the mesencephalic dopamine system in the form of a 
WHPSRUDOGLIIHUHQFHHUURU7KLVVLJQDORULJLQDWHVLQWKHEDVDOJDQJOLDZKLFKDVVHVVHV
WKHFKDQJHLQYDOXHRIRQJRLQJHYHQWV9LRODWLRQVRIRXWFRPHSUHGLFWLRQVFDXVH
a phasic dopaminergic signal which is used by the motor controller to optimize 
EHKDYLRUDQGXVHGE\WKHFULWLF LWVHOIWRRSWLPL]HSUHGLFWLRQV,W LVSURSRVHGWKDW
the phasic dopamine signal causes changes in motor neuron activity in the anterior 
FLQJXODWHZKLFKLVPHDVXUHGDVFKDQJHVLQ(51DPSOLWXGHSKDVLFGHFUHDVHLQGLFDWHV
DQHJDWLYHSUHGLFWLRQHUURUFDXVLQJDODUJH(51SKDVLFLQFUHDVHLQGLFDWHVDSRVLWLYH
SUHGLFWLRQHUURUUHVXOWLQJ LQVPDOO(51DPSOLWXGHV7KHEDVDOJDQJOLDDQWLFLSDWH
reinforcing events and make this information useful to the actor to increase the 
SUREDELOLW\RUPDJQLWXGHRUDUHZDUG7KHSUHGLFWLRQHUURULVUHȵHFWHGLQWKH)51
DWWKHHDUOLHVWSRVVLEOHPRPHQWRIGLVFUHSDQF\GHWHFWLRQ,QVLWXDWLRQVZKHUHWKH
3DJH_3DJH_ $PRGHORIRXWFRPHOHDUQLQJLQSV\FKRSDWK\$PRGHORIRXWFRPHOHDUQLQJLQSV\FKRSDWK\
stimulus-response or stimulus-outcome mapping has not yet been internalized the 
HDUOLHVWPRPHQW WRGHWHFW WKHSUHGLFWLRQHUURU LV DIWHUKDYLQJ UHFHLYHGH[WHUQDO
IHHGEDFN2QFHWKHPDSSLQJKDVEHHQOHDUQHGGHWHFWLRQLVSRVVLEOHDWWKHPRPHQW
RIUHVSRQVHH[HFXWLRQDQGSUHGLFWLRQHUURUVDUHUHȵHFWHGLQWKHUHVSRQVH(51
7KLVV\VWHPLVLQOLQHZLWKDFWRUFULWLFPRGHOV'D\DQ	%DOOHLQH6XWWRQ
	%DUWRZKHUHVWULDWDOQHXURQVSURMHFWLQJWRWKHPHVHQFHSKDOLFGRSDPLQH
V\VWHPIRUPWKHDGDSWLYHFULWLF7KHFULWLFȇVWDVNLVWROHDUQWKHSUHGLFWLRQRIUHZDUGV
IURPRQJRLQJDFWLRQVDQGHQYLURQPHQWDOFXHV7KHVHUHZDUGVDUHDVVRFLDWHGZLWK
SDUWLFXODU VWDWHV LQ WKHHQYLURQPHQW VXFKDV WDVN FRQWH[W 7KH FULWLF WKXV OHDUQV
DQGVWRUHVVWDWHYDOXHV 7KHDFWRUȇV WDVN LV WRFKRRVHDFWLRQV WRPRYHDQDJHQW
WKURXJKGLIIHUHQWVWDWHVLQWKHZRUOGE\XVLQJSROLFLHVHJVWDWHDFWLRQPDSSLQJV
(YHU\WLPHWKHDFWRUHQJDJHVDPRWRUUHVSRQVHWKHQHZVWDWHLVHYDOXDWHGE\WKH
FULWLF 7KH HYDOXDWLRQ LV VLJQDOHG WKURXJK GRSDPLQHUJLF DFWLYLW\ UHSUHVHQWLQJ D
SUHGLFWLRQVLJQDOWKH)517KHFULWLFXVHVWKHVLJQDOWRDGMXVWOHDUQHGVWDWHYDOXHV
WKHDFWRUWRDGMXVWDFWLRQVHOHFWLRQSROLFLHV7KHUHE\WKHDFWRUPDLQWDLQVLQWHUQDO
UHSUHVHQWDWLRQVRIWKHH[SHFWHGUHZDUGVIRUHDFKSRVVLEOHDFWLRQLQRUGHUWRFKRRVH
WKHDFWLRQZLWKWKHKLJKHVWH[SHFWHGYDOXH7KHDFWRULVJHQHUDOO\DVVXPHGWROLH
LQWKHURVWUDOFLQJXODWHDQGVWULDWDODUHDV,WLVVXJJHVWHGWKDWWKHYHQWUDOVWULDWXP
FRUUHVSRQGV WR WKH FULWLF DQG WKHGRUVDO VWULDWXP WR WKH DFWRU 2ȇ'RKHUW\ HW DO

:LWKUHVSHFWWRSV\FKRSDWK\,VXJJHVWWKDWWKHREVHUYHGSUREOHPVLQDGMXVWLQJ
EHKDYLRURFFXUDWWKHOHYHORIWKHFULWLF7KHFULWLFLQWKHFDVHRISV\FKRSDWK\GRHVQRW
correctly predict outcomes which subsequently results in maladaptive behavioral 
choices made by the actor as the signal is incorrect with respect to updating state-
DFWLRQ DVVRFLDWLRQV:HKDYHGHPRQVWUDWHG DEQRUPDO SUHGLFWLRQ HUURU VLJQDOLQJ
&KDSWHUUHȵHFWHGLQGHFUHDVHG)51VGXULQJXQH[SHFWHGRXWFRPHV)XUWKHUPRUH
we have demonstrated that this is directly related to performance levels at least for 
QHJDWLYHSUHGLFWLRQHUURUFRGLQJ&KDSWHU,QOLQHZLWKWKLVZHKDYHVKRZQWKDW
psychopathic individuals present with problems in internalizing prediction error 
VLJQDOVSRVVLEO\UHȵHFWLQJLQFRUUHFWXSGDWLQJRIVWDWHDFWLRQPDSSLQJV&KDSWHU
)LQDOO\ZHKDYHVKRZQ&KDSWHUWKDWDEQRUPDODQWLFLSDWLRQRIUHZDUGLVUHȵHFWHG
LQK\SHUDFWLYLW\LQWKHYHQWUDOVWULDWXPLHWKHFULWLF,PSRUWDQWO\RXUGDWDVXJJHVW
WKDWWKLVGLIIHUHQFHLQUHZDUGDQWLFLSDWLRQLVH[FHVVLYHO\FRPPXQLFDWHGWRIURQWDO
DUHDV7KHUHJLRQZKLFKUHFHLYHVWKLVLQSXWGP3)&LVFULWLFDOO\DVVRFLDWHGZLWKWKH
FRJQLWLYHFRQWURORIEHKDYLRU
7KHGHVFULEHGDFWRUFULWLFUHLQIRUFHPHQWOHDUQLQJKDVEHHQDVVRFLDWHGZLWKWKH
IURQWRVWULDWDOORRSV\VWHP%HUQDFHUHWDO*DOYDQHWDO*HXUWV+X\V
GHQ2XGHQ	&RROV)LYHVXFKEDVDOJDQJOLDWKDODPRFRUWLFDOFLUFXLWVKDYHQ
EHHQLGHQWLȴHG0RWRUIXQFWLRQVDUHWKRXJKWWREHPHGLDWHGE\WKHPRWRUFLUFXLW
which originates in the supplementary motor area and by the oculomotor circuit 
RULJLQDWLQJ LQ WKH IURQWDOH\HȴHOGV 7KHRWKHU WKUHH ORRSV WKHGRUVRODWHUDO3)&
ORRSWKHODWHUDO2)&ORRSDQGWKHDQWHULRUFLQJXODWHORRSDUHLQYROYHGLQH[HFXWLYH
IXQFWLRQVVRFLDOEHKDYLRUDQGPRWLYDWLRQDOVWDWHV$OOȴYHRULJLQDWHLQSDUWVRIWKH
SUHIURQWDO FRUWH[ IURPZKHUH WKH\ SURMHFW WR SDUWV RI WKH VWULDWXP IXUWKHU RQ
WRWKHJOREXVSDOOLGXVDQGVXEVWDQWLDQLJUDDQGȴQDOO\FRQQHFWWRWKHWKDODPXV
(DFK FLUFXLW DOVR ORRSV EDFN WR IURQWDO DUHDV WKHUHE\ FORVLQJ WKH ORRS %HVLGHV
WKHVH FORVHG ORRSV WKHUH DUH RSHQ FRQQHFWLRQV IURP IXQFWLRQDOO\ UHODWHG DUHDV
WRLQWHJUDWHLQIRUPDWLRQIURPWKHVHDUHDV7KHVHDUHRUJDQL]HGLQSDUDOOHOFLUFXLWV
and are largely segregated from each other both structurally and functionally 
$OH[DQGHU	&UXWFKHU+DEHU
:HSURSRVHWKDW WKHFRJQLWLYHGHȴFLWV LQSV\FKRSDWK\FRXOGEH LQWHJUDWHGE\
YLHZLQJWKHPZLWKLQWKHVHLQWHUFRQQHFWHGIURQWRVWULDWDOORRSV7KHH[DFWUROHRI
WKH LQGLYLGXDO ORRSV LVQRW\HWFOHDUDQGWDNHQ LWVFRPSOH[ LQWHUFRQQHFWLRQV LQWR
DFFRXQWPLJKWQHYHUEHHQWLUHO\XQGHUVWRRG+RZHYHUWKUHHRIWKHORRSVSURMHFWWR
areas implicated in psychopathy by imaging studies and by studies demonstrating 
GHȴFLWV LQ WKH IXQFWLRQVDVVRFLDWHGZLWK WKHVHDUHDV*HQHUDOO\ WKHGRUVRODWHUDO
SUHIURQWDOORRSLVDVVRFLDWHGZLWKH[HFXWLYHIXQFWLRQVSODQQLQJDQGZRUNLQJPHPRU\
1DUD\DQDQ  7KH GRUVRODWHUDO SUHIURQWDO FRUWH[ LV LPSOLFDWHG LQ ZRUNLQJ
PHPRU\/HY\	*ROGPDQ5DNLFDQGDWWHQWLRQDOVKLIWLQJ1DJDKDPDHWDO
LQFOXGLQJIRFXVLQJDQGVXVWDLQLQJDWWHQWLRQEXWDOVRPDLQWDLQLQJRIVKLIWLQJ
UHVSRQVHVHWVLQFKDQJLQJWDVNVGHPDQGV%RQHOOL	&XPPLQJV$VRXWOLQHG
LQWKHGLVFXVVLRQWKHRUELWRIURQWDOORRSLVWKRXJKWWREHLQYROYHGLQHPSDWK\DQG
VRFLDOO\DGMXVWHGUHVSRQGLQJ1DUD\DQDQ/HVLRQVRIWKHRUELWRIURQWDOFRUWH[
FDQOHDGWRDGLVLQKLELWLRQV\QGURPH6WDUNVWHLQ	.UHPHU,PSRUWDQWO\LWLV
DOVRDVVRFLDWHGZLWKGHFRGLQJDQGUHSUHVHQWLQJUHLQIRUFHUVOHDUQLQJDQGUHYHUVLQJ
VWLPXOXVUHLQIRUFHPHQW DVVRFLDWLRQ DQG LQ FRQWUROOLQJ UHLQIRUFHPHQW UHODWHG
3DJH_3DJH_ &OLQLFDOLPSOLFDWLRQV&OLQLFDOLPSOLFDWLRQV
EHKDYLRU5ROOV7KHRUELWRIURQWDOFRUWH[KDVDOVREHHQDVVRFLDWHGZLWK
WKHFRQWURORIVRFLDOPRWLYDWLRQDOEHKDYLRUDVPHDVXUHVLQFKDSWHU5RHORIVHWDO
7KHDQWHULRUFLQJXODWHORRSPHGLDWHVWKHFRPPXQLFDWLRQRIUHLQIRUFHPHQW
VLJQDOV $VPHQWLRQHG EHIRUH WKH DQWHULRU FLQJXODWH IRU H[DPSOH LV LQYROYHG LQ
PRQLWRULQJDQGHYDOXDWLQJRXWFRPHVRIDFWLRQV%RWYLQLFN&RKHQ	&DUWHU
)LQDOO\WKHVWULDWXPLVLQYROYHGLQSURFHVVLQJUHZDUGDQGSXQLVKPHQWLQIRUPDWLRQ
and in using this information to guide behavior but also in social interactions 
'HOJDGR0DQ\RIWKHVHIXQFWLRQVDUHLPSDLUHGLQSV\FKRSDWK\DQGPDQ\RI
WKHVHDUHDVKDYHEHHQLPSOLFDWHGWRSOD\DUROHLQSV\FKRSDWK\$QGHUVRQ	.LHKO
%ODLUHWDO3DWULFN9LHZLQJWKHVHDVSDUWVRIDQLQWHUFRQQHFWHG
system could potentially help understand their interconnections and lead to a 
PRUHFRKHUHQWSLFWXUHRIWKHQHXURFRJQLWLYHGHȴFLWVLQSV\FKRSDWK\
7RVXPPDUL]HWKHSUHVHQWUHVXOWVȴWZLWKPRGHUQPRGHOVRIOHDUQLQJVXFKDV
WKHDFWRUFULWLFPRGHO8VLQJWKHVHPRGHOVWRH[SODLQWKHSUHVHQWGDWDFRQWULEXWHV
WR DPRUHȴQHJUDLQHGXQGHUVWDQGLQJRIZKLFKDVSHFWRI D FRPSOH[ FDVFDGHRI
SURFHVVHVLQYROYHGLQDVVRFLDWLYHOHDUQLQJLVFRPSURPLVHGLQSV\FKRSDWK\
%HVLGHVSXWWLQJWKHSUHVHQWGDWD LQDFRKHUHQWH[SODQDWLRQWKHDERYHVKRXOG
GHPRQVWUDWH WKDW H[LVWLQJ PRGHOV RI SV\FKRSDWK\ SURYLGH D JRRG ZRUNLQJ
K\SRWKHVLV IRU IXUWKHU LQYHVWLJDWLRQ RI WKH FDXVHV RI SV\FKRSDWK\ +RZHYHU
knowledge about neurocognitive processes in the healthy brain should be 
LQWHJUDWHGPRUH $GGLWLRQDOO\ LQVWHDG RI YLHZLQJ H[LVWLQJPRGHOV DV FRPSHWLQJ
H[SODQDWLRQVRISV\FKRSDWK\WKH\VKRXOGEHYLHZHGDVH[SODLQLQJVSHFLȴFIDFHWVRI
SV\FKRSDWK\8OWLPDWHO\WKHJRDOVKRXOGEHWRLQWHJUDWHWKHVHYLHZVDFFRUGLQJWR
knowledge about healthy neurocognitive processes to come to a complete theory 
RISV\FKRSDWK\+HUHDVWHSWRZDUGVWKLVJRDOZDVPDGH7KHTXHVWLRQUHPDLQV
DERXWZKDWWKHLPSOLFDWLRQVRIWKHVHUHVXOWVDUHIRULPSURYLQJFOLQLFDOSUDFWLFH
7.5. Clinical implications
2QHPLJKWZRQGHUKRZFOLQLFDOSUDFWLFHFDQEHQHȴWIURPWKHUHVXOWVRIWKHVHKLJKO\
FRQWUROOHGH[SHULPHQWV3DWLHQWV LQ IRUHQVLF VHWWLQJV LQFOXGLQJ WKHSDWLHQWVZLWK
SV\FKRSDWK\VWXGLHGLQWKLVWKHVLVDUHWUHDWHGWRFKDQJHSDWKRORJLFDOV\PSWRPVRQ
ERWKDEHKDYLRUDOOHYHOGHVFULSWLYHDVZHOODVXQGHUO\LQJQHXURFRJQLWLYHOHYHOLH
H[SODQDWRU\7KHJRDOLVWRWUDLQDQGPRWLYDWHWKHVHSDWLHQWVWRFKDQJHDQWLVRFLDO
EHKDYLRU DQG WR OHDUQ QHZ DQG PRUH DFFHSWDEOH EHKDYLRU WKDW LV EHQHȴFLDO LQ
WKH ORQJ WHUPIRUERWK WKHSDWLHQWDQG WKHVRFLHW\VXFKDVUHGXFLQJUHFLGLYLVP
7KHLUKLVWRU\RIFULPLQDOEHKDYLRUKDVRIWHQEHHQEHQHȴFLDOLQWKHVKRUWWHUPHJ
REWDLQLQJPRQH\GUXJVDQGRWKHU UHZDUGVEXWKDV OHG WR LPSULVRQPHQW LQ WKH
ORQJ WHUP +RZHYHU SV\FKRSDWKLF LQGLYLGXDOV RIWHQ IRFXV RQ WKHVH VKRUW WHUP
DGYDQWDJHV)XUWKHUPRUHFULPLQDOEHKDYLRUFDQEHEHQHȴFLDOWRWKHFULPLQDOHJ
PRQH\GUXJVVH[EXWXVXDOO\LVQRWWRRWKHUVHJWKHGLUHFWDQGLQGLUHFWYLFWLPV
%HIRUHGLVFXVVLQJKRZWKHSUHVHQWUHVXOWVPLJKW LQIRUPWUHDWPHQWSURJUDPV
D IHZ LVVXHV KDYH WR EH H[SODLQHG ZLWK UHVSHFW WR WKH JRDOV RI WUHDWPHQW DQG
H[SHULHQFHVZLWKWUHDWPHQWLQSV\FKRSDWK\XQWLOWRGD\
)LUVWLWLVRILPSRUWDQFHWRGHWHUPLQHZKDWGHȴQHVVXFFHVVIXOWUHDWPHQW*LYHQ
WKHIDFWWKDWSV\FKRSDWK\LVVHHQDVDFKURQLFSHUVRQDOLW\GLVRUGHULWLVTXHVWLRQDEOH
if one should aim at reducing all symptoms equally or instead focus on reducing 
WKRVHV\PSWRPVZKLFKFDXVHKDUPHJWKHDQWLVRFLDOEHKDYLRU$QRWKHURSWLRQ
ZRXOG EH DLP DW WKH XQGHUO\LQJ QHXURFRJQLWLYH DQG ELRORJLFDO GHȴFLWV GLUHFWO\
LQVWHDG RI RYHUW EHKDYLRU $QRWKHU SUREOHP LV KRZ WUHDWPHQW VXFFHVV VKRXOG
EHSUHGLFWHG&RXOGQHXURELRORJLFDOPDUNHUVEHXVHIXO LQWKLVUHJDUG"5DWLQJVRI
WKHUDSLVWGRQRWȴWZLWKSRVWWUHDWPHQWUHFLGLYLVP%HQJWVRQ	/DQJVWURP
and even more structured and modern approaches of assessing recidivism risk 
VHHPWRKDYHUHDFKHGDFHLOLQJ&RLGHWDO)D]HO6LQJK	)D]HO
+RZHYHU SURJUDPV DUH RIWHQ HYDOXDWHG LQ WHUPV RI WKHUDSLVWVȇ LPSUHVVLRQV RI
FOLQLFDOSURJUHVVRUWKHLUSUHGLFWLRQVRQFULPLQDOUHFLGLYLVP$OVRPDQ\FOLQLFLDQV
doubt whether change during an intervention will be maintained beyond the 
WKHUDSHXWLFFRQWH[W
7KH5LVN1HHG5HVSRQVLYLW\ DSSURDFK WR IRUHQVLF WUHDWPHQW FRQVLVWV RI WKUHH
VLPSOH SULQFLSOHV 7KRVH SDWLHQWV ZLWK KLJKHU ULVN IRU UHFLGLYLVP VKRXOG UHFHLYH
PRUH LQWHQVLYH WUHDWPHQW WKH QHHG SULQFLSOH GHȴQHV ZKDW VKRXOG EH WUHDWHG
FULPLQRJHQLFQHHGVDQGWKHUHVSRQVLYLW\SULQFLSOHLQIRUPVKRZLWVKRXOGEHWUHDWHG
,QFXUUHQWWKHUDSHXWLFSUDFWLFHIDFWRURISV\FKRSDWK\LVVHHQDVDUHVSRQVLYLW\
IDFWRUZKLOH IDFWRUGHȴQHVFULPLQRJHQLF LVVXHV 2OYHU	:RQJ$VVXFK
WKLVDSSURDFKFRQFXUVZLWKIRFXVVLQJRQIDFWRU LQWHUPVRI WUHDWPHQWFRQWHQW
5HVHDUFKKDVVKRZQWKDWZLWKUHVSHFW WR WKH3&/5VFRUHVRQ WKH LWHPVUHODWLQJ
WRDQWLVRFLDOLPSXOVLYHEHKDYLRUGHFUHDVHZLWKDJHDQGDUHWKXVG\QDPLF6FRUHV
3DJH_3DJH_ &OLQLFDOLPSOLFDWLRQV&OLQLFDOLPSOLFDWLRQV
RQIDFWRUHPRWLRQDODQGDIIHFWLYHDEQRUPDOLWLHVKRZHYHUDUHVWDEOHRYHUWLPH
+DUSXU	+DUH)XUWKHUPRUHIDFWRULVOLQNHGWRYLROHQFHZKLOHIDFWRULV
QRW<DQJ:RQJ	&RLG,QVWHDGIDFWRULVKLJKO\DVVRFLDWHGZLWKWUHDWPHQW
GURSRXW2OYHU	:RQJ
6HFRQGUHVHDUFKWKXVIDUKDVVXJJHVWHGVHYHUDOGLɝFXOWDVSHFWVLQWKHWUHDWPHQW
RISV\FKRSDWK\'URSRXWUDWHVDUHKLJKSV\FKRSDWKLFSDWLHQWVSUHVHQWZLWKORZ
WUHDWPHQWPRWLYDWLRQDQGVHFXULW\FRQFHUQVUHVWULFWWKHUDQJHRIWUHDWPHQW/HZLV
2OYHU	:RQJ2OYHU6WRFNGDOH	:RUPLWK2OYHU	:RQJ
7KLUGSV\FKRSDWKVDUHIXQGDPHQWDOO\GLIIHUHQWIURPRWKHUSDWLHQWVRIWHQWUHDWHG
LQIRUHQVLFVHWWLQJVGXHWRWKHLUSHUVRQDOLW\FKDUDFWHULVWLFV)RURQFHWKHUDSHXWLF
LQWHUYHQWLRQVUHO\RQDQGDUHHIIHFWLYHRQO\LQDTXDOLWDWLYHWKHUDSHXWLFUHODWLRQVKLS
,QIDFWWKHUHDUHUHSRUWVWKDWWKHTXDOLW\RIDWKHUDSHXWLFUHODWLRQSUHGLFWVWKHUDSHXWLF
VXFFHVV /DPEHUW  ,W LV KRZHYHU DVVXPHG WKDW FHUWDLQ SHUVRQDOLW\ WUDLWV
SUHYHQWSV\FKRSDWKLFSDWLHQWVWRIRUPVXFKUHODWLRQVKLSV,QDELOLW\WRJLYHDFFXUDWH
DFFRXQWVRISDVWSHUVRQDOKLVWRU\DQGIXQFWLRQLQJLQVLQFHUHLQWHQWLRQVZLWKWKHJRDO
WRPDQLSXODWHVKDOORZDIIHFWDQGODFNRIHPSDWK\GLɝFXOWLHVWRFRPSO\ZLWKUXOHV
7KRUQWRQ	%OXGDUHVRPHRIWKHWUDLWVZKLFKZRUNDJDLQVWHVWDEOLVKLQJDQ
HIIHFWLYHWKHUDSHXWLFZRUNDOOLDQFH7KLVLVFORVHO\UHODWHGWRWKHLVVXHRIHPSDWK\
DQGPRUDOLW\:KLOHWKH\GRXQGHUVWDQGVXFKLVVXHVRQDFRJQLWLYHOHYHOWKH\GR
QRWKDYHDQ\IHHOLQJVUHȵHFWLQJWKLVXQGHUVWDQGLQJ%ODLUHWDO%ODLU
%URXQVHWDO&LPD7RQQDHU	+DXVHU'DGGVHWDO6RPHHYHQ
describe the perception of others in psychopathy as one where the other is an 
REMHFWRUSDUWRIWKHFRQWH[WEXWQRWVHHQDVDQDXWRQRPRXVO\DFWLQJDJHQW$OVR
LQWHUPVRISV\FKRDQDO\WLFGLDJQRVWLFFRQFHSWVSV\FKRSDWKLFLQGLYLGXDOVDUHRIWHQ
GHVFULEHGDVSHUVRQDOLW\GDPDJHGDWDYHU\HDUO\DJHZKLFKUHVXOWV LQSULPLWLYH
REMHFWUHODWLRQVDODFNRIFRQVFLHQFHYLROHQFHDQGLPPDWXUHGHIHQFHPHFKDQLVPV
0HOR\ 	 6KLYD  $OO RI WKHVH DUH QRW WKH FKDUDFWHULVWLFV DVVRFLDWHG ZLWK
HIIHFWLYHWKHUDSHXWLFUHODWLRQVKLSV
,Q VXP WKXV IDU WKHUH LV VRPH FRQVHQVXV WKDW LQWHUYHQWLRQV VKRXOG DLP
SULPDULO\DWFKDQJLQJEHKDYLRUDOSDWWHUQVDVVRFLDWHGZLWKIDFWRU6RPHPLJKWVD\
that focussing on factor 2 is not a treatment of psychopathy as the factor closely 
UHVHPEOHVEHKDYLRUDVVRFLDWHGZLWKWKHDQWLVRFLDOSHUVRQDOLW\GLVRUGHU+RZHYHU
IDFWRULVSDUWRISV\FKRSDWK\DVPHDVXUHVZLWKWKH3&/5DQGDVVXFKFRXOGEH
VHHQ DV WUHDWLQJ DQ HOHPHQW RI SV\FKRSDWK\ZLWK WKH HIIHFW RI ORZHULQJ RYHUDOO
VFRUHV RQ WKH3&/5 ,QWHUYHQWLRQV VKRXOGQRW EHKHDYLO\ UHOLDQW RQ WKHUDSHXWLF
UHODWLRQV DQG VKRXOG SD\ VSHFLDO DWWHQWLRQ WR IDFWRU  WUDLWV )LQDOO\ WUHDWPHQW
VKRXOGEHRULHQWHGRQWKHUHVSRQVLYLW\SULQFLSOHKRZVKRXOGLWEHWUHDWHG7KLV
aspect will be discussed below and will focus on behavioral interventions and 
LQWHUYHQWLRQVDLPHGDWFKDQJLQJQHXUDOPHFKDQLVPV
7KRURXJKGLDJQRVWLFVVKRXOGSUHFHGHDWUHDWPHQWSODQZLWKWKHJRDORIREWDLQLQJ
not only a description of problem behavior but also an idea of what the underlying 
PHFKDQLVPVDUHZKLFKOHDGWRWKHSUREOHPEHKDYLRU5HPHPEHULQFKDSWHUZH
demonstrated that absence of avoidance of social threat is related to levels of 
LQVWUXPHQWDODJJUHVVLRQ$OWKRXJKRXUDQDO\VHVGRQRWDOORZFDXVDOLQIHUHQFHVWKH
UHVXOWVVKRXOGVWLPXODWHWKLQNLQJDERXWQHZWUHDWPHQWRSWLRQV
Behavioral approaches
7KHUHVXOWVSUHVHQWHGLQWKLVWKHVLVJLYHVHYHUDOVXJJHVWLRQVDVWRZKHUHWUHDWPHQW
RISV\FKRSDWK\FRXOGIRFXVRQ
Results of chapter 2 showed that psychopaths lack the automatic avoidance of 
VRFLDOWKUHDWVLWXDWLRQDQGWKDWWKLVLVUHODWHGWRLQVWUXPHQWDODJJUHVVLRQ$VPRVW
RI WKH H[LVWLQJ DJJUHVVLRQPDQDJHPHQW SURJUDPV IRFXV RQ LPSXOVLYH IRUPV RI
DJJUHVVLRQWKHUHLVDQHHGIRUWUHDWPHQWRILQVWUXPHQWDODJJUHVVLRQ7KHTXHVWLRQLV
WKHQZKHWKHUZHFDQFKDQJHWKHVHDXWRPDWLFEHKDYLRUDOSDWWHUQV7KHUHDUHVHYHUDO
UHSRUWVZKLFKVKRZWKDWUHSHDWHGVLPSOHEHKDYLRUDOWUDLQLQJVHVVLRQVFDQFKDQJH
DSSURDFKDYRLGDQFHWHQGHQFLHV'XULQJWKHVHWUDLQLQJVHVVLRQVSHRSOHUHSHDWHGO\
H[HFXWHWKHFRPSDWLEOHDFWLRQWHQGHQF\DSSURDFKLQJSRVLWLYHDQGDYRLGLQJQHJDWLYH
VWLPXOLRYHUDQGRYHU(IIHFWVKDYHEHHQVKRZQLQDOFRKROGHSHQGHQWVXEMHFWV1RW
RQO\GLGWKHWUDLQLQJGHFUHDVHDSSURDFKRIDOFRKROLFGULQNVLWJHQHUDOL]HGWRQHZ
VWLPXOLWRDQRWKHUWDVNPHDVXULQJLPSOLFLWDVVRFLDWLRQVZLWKDOFRKRODQGHYHQWR
DFWXDOGULQNLQJEHKDYLRU:LHUV5LQFN.RUGWV+RXEHQ	6WUDFN5HFHQWO\
preliminary results were presented which showed that these trainings result in 
FKDQJHV LQ PHVROLPELF FXHUHDFWLYLW\ GHPRQVWUDWLQJ WKDW FKDQJHV DUH UHȵHFWHG
on a neural level (presentation by Wiers at the 12th world congress on biological 
SV\FKLDWU\*UHHFH6LPLODUHIIHFWVKDYHEHHQVKRZQZLWKUHVSHFWWRUDFLDODWWLWXGH
.DZDNDPL'RYLGLR0ROO+HUPVHQ	5XVVLQ  .DZDNDPL 3KLOOV 6WHHOH	
'RYLGLRDQGIHDURIDQLPDOV+XLMGLQJ0XULV/HVWHU)LHOG	-RRVVH
3DJH_3DJH_ &OLQLFDOLPSOLFDWLRQV&OLQLFDOLPSOLFDWLRQV
,PSRUWDQWO\UHFHQWVWXGLHVVXJJHVWWKDWVRFLDODSSURDFKDYRLGDQFHWHQGHQFLHVFDQ
EHFKDQJHGE\EHKDYLRUDOWUDLQLQJDVZHOO5LQFNHWDOWUDLQHGVRFLDOO\DQ[LRXV
LQGLYLGXDOVZKRQRUPDOO\ VKRZ VWURQJHU DYRLGDQFH RI DQJU\ IDFHV LH RSSRVLWH
SDWWHUQVRISV\FKRSDWKLFLQGLYLGXDOV7UDLQLQJFRPSDWLEOHPRYHPHQWVDSSURDFK
KDSS\DQGDYRLGDQJU\GLGFKDQJHDSSURDFKDYRLGDQFHWHQGHQFLHVDQGDIIHFWHG
ERWKPRRGDQGDQ[LHW\ ,QKHDOWK\VXEMHFWV WUDLQLQJZLWK IDFLDOH[SUHVVLRQVDOVR
JHQHUDOL]HGWRRWKHUWDVNVDIIHFWLYHSULPLQJWDVN:RXG%HFNHU	5LQFN
+RZHYHURWKHUUHSRUWVDUHFDXWLRXVDERXWWKHFDXVDOUROHRIFKDQJLQJDSSURDFK
DYRLGDQFH ELDVHV LQ WKH REVHUYHG RXWFRPHPHDVXUHV (YHQPRUH VRPH IRXQG
harmful effects of inducing avoidance orientations towards alcohol in clinical 
VDPSOHV6SUX\WHWDO
We suggest that simple behavioral trainings could potentially change fundamental 
GLIIHUHQFHVLQKRZLQGLYLGXDOVZLWKSV\FKRSDWK\UHDFWWRVRFLDOFXHV7KLVDSSURDFK
might not only be applicable to decrease instrumental forms of aggression but 
DOVR RWKHU IRUPV RI SUREOHPDWLF EHKDYLRU )RU H[DPSOH D JUHDW SURSRUWLRQ RI
offenders are addicted or repeatedly abuses illegal substances and even more 
LPSRUWDQWO\PDQ\RIIHQVHVKDYHEHHQFDUULHGRXWXQGHUWKHLQȵXHQFHRIVXEVWDQFH
XVH0XPROD	.DUEHUJ$VKDVEHHQGHPRQVWUDWHGE\:LHUVHWDO
DSSURDFKDYRLGDQFHWUDLQLQJLVSURPLVLQJDWOHDVWIRUDEXVHRIDOFRKRO+RZHYHU
one should be aware that there is no evidence so far of the effectiveness of these 
WUDLQLQJVLQIRUHQVLFSDWLHQWJURXSVRUYLROHQWSHRSOH)XUWKHUPRUHHYHQWKRXJK
our study suggests that these relatively automatic action tendencies are related to 
DJJUHVVLRQWKLVLVEDVHGRQVHOIUHSRUWRIDJJUHVVLYHEHKDYLRU/RQJLWXGLQDOVWXGLHV
VKRXOGH[SORUHWKHUHODWLRQVKLSZLWKREVHUYHGRUDFWXDODJJUHVVLRQ,QDGGLWLRQLWLV
not clear what the relation between social action tendencies and reactive aggression 
LV7DNHQWRJHWKHUDSSURDFKDYRLGDQFHWUDLQLQJVPLJKWSRWHQWLDOO\EHHIIHFWLYHLQ
UHGXFLQJ LQVWUXPHQWDODJJUHVVLRQEXW IXUWKHU LQYHVWLJDWLRQVDUHQHHGHG)XUWKHU
understanding of the relation between forms of aggression and action tendencies 
DVZHOODVHYLGHQFHIRUWKHHIIHFWLYHQHVVRIEHKDYLRUDOWUDLQLQJVDUHQHHGHG)LQDOO\
LW LV QRW FOHDU \HWZKHWKHU DSSURDFK DYRLGDQFH WHQGHQFLHV UHȵHFW WKH QHHG LH
G\QDPLF ULVN IDFWRU RU WKH UHVSRQVLYLW\ DVSHFW LH ULJKW WUHDWPHQW DW WKH ULJKW
OHYHORIWKH515PRGHO
)LUVW DWWHPSWV KDYH EHHQ PDGH WR DGMXVW H[LVWLQJ DJJUHVVLRQ LQWHUYHQWLRQV
E\ LQFOXGLQJ RSWLRQDO PRGXOHV DLPLQJ DW UHGXFWLRQ RI LQVWUXPHQWDO DJJUHVVLRQ
$JJUHVVLRQ5HSODFHPHQWWUDLQLQJZDVRULJLQDOO\GHVFULEHGE\*ROGVWHLQ*ROGVWHLQ
*OLFN 	 *LEEV  DV D WUDLQLQJ IRU DJJUHVVLYH DGROHVFHQWV %\ QRZ WKH
intervention has been adjusted for adult forensic populations and been evaluated 
LQWKH1HWKHUODQGV%DVHGRQWKHVHUHVXOWVLWLVVXJJHVWHGWKDWLWLVPRVWVXLWDEOH
for patients with high levels of reactive aggression and low scores on factor 1 of 
WKH3&/57REHHIIHFWLYHIRULQVWUXPHQWDODJJUHVVLRQDQGSDWLHQWVZLWKKLJKVFRUHV
RQIDFWRUDQDGMXVWPHQWRIWKHPRGXOH ȆVRFLDOVNLOOVȇ LVSURSRVHGDVZHOODVDQ
DGGLWLRQDO PRGXOH FDOOHG Ȇ&KDUDFWHUIRUPLQJȇ 7KH ODWWHU LV DLPHG DW FRQIURQWLQJ
SDWLHQWVZLWKWKHORQJWHUPFRQVHTXHQFHVRIWKHLUEHKDYLRUERWKIRUWKHPVHOYHV
DV IRUSRWHQWLDO YLFWLPV 7KH VRFLDO VNLOOVPRGXOH LQ LWVRULJLQDO IRUP LV DLPHGDW
reducing both approaching and avoiding behavior where avoidance behavior 
LQFOXGHV JLYLQJ FULWLFLVP GHQ\LQJ VRPHWKLQJ HWF DQG DSSURDFKLQJ EHKDYLRU
LQFOXGHVJLYLQJFRPSOLPHQWVDQGRIIHULQJKHOS$GMXVWPHQWV IRUSDWLHQWVVFRULQJ
high on factor 1 and instrumental aggression should result in a focus on avoidance 
EHKDYLRULQVWHDGRIDSSURDFKLQJEHKDYLRU
5HVXOWV IURP &KDSWHU   DQG  VXJJHVW WKDW LQGLYLGXDOV ZLWK SV\FKRSDWK\
KDYH GLɝFXOWLHV ZLWK DQWLFLSDWLQJ RXWFRPHV DQG ZLWK LQWHUQDOL]LQJ XVLQJ DQG
JHQHUDOL]LQJ H[WHUQDO IHHGEDFN 7KLV PLJKW SDUWO\ EH GXH WR ZURQJ SUHGLFWLRQV
DERXWWKHRXWFRPHRIDQDFWLRQRUVLWXDWLRQ3V\FKRSDWKLFLQGLYLGXDOVKDYHDVHQVH
RIHQWLWOHPHQWVHHWKHPVHOYHVDVVXSHULRUDQGDUHDUURJDQW7KXVWKH\PLJKWKDYH
DELDVLQKRZZHOOWKH\SHUIRUPDQGKRZZHOOWKHZRUOGSHUIRUPVIRUWKHP6HFRQG
RXUGDWDIURPFKDSWHUVXJJHVWWKDWWKHUHLVDQHXURELRORJLFDOEDVLVIRUJUHDWHU
UHZDUG DQWLFLSDWLRQ LQȵXHQFLQJ FRJQLWLYH FRQWURO PHFKDQLVPV 2Q D FRJQLWLYH
EHKDYLRUDOOHYHOWKLVFRXOGEHLQȵXHQFHGE\FKDQJLQJWKHLUEDVLFSRVLWLYLW\ELDVRU
E\H[SOLFLWO\DGGUHVVLQJLQGLYLGXDOVLWXDWLRQVZKHUHDELDVLQRXWFRPHSHUFHSWLRQ
FRXOGEHDWKDQG3DWLHQWVVKRXOGEHWUDLQHGLQEHLQJDZDUHRIDQGH[SOLFLWO\XVLQJ
DOODYDLODEOHLQIRUPDWLRQLQVLWXDWLRQVWKDWFDOOIRUDEHKDYLRUDOUHVSRQVH3UDFWLFLQJ
this by listing all possible options with all their pros and cons and teaching them 
KRZWRZHLJKDQGGHFLGHXSRQWKHPVKRXOGVWDUWLQKLJKO\FRQWUROOHGVLWXDWLRQV
Similar principles should then be applied to less controlled and ecologically more 
YDOLG VLWXDWLRQV &RJQLWLYH SUDFWLFH FRXOG EH FRPELQHGZLWK SUDFWLFDO WUDLQLQJ LQ
GUDPDWKHUDS\$QLGHDZRXOGEHWRSURYLGHWUDLQLQJVHVVLRQVLQYLUWXDOUHDOLW\ZLWK
3DJH_3DJH_ &OLQLFDOLPSOLFDWLRQV&OLQLFDOLPSOLFDWLRQV
WKHDGYDQWDJHRI HYHQKLJKHU FRQWURO RI WKH FRQWH[W$GGLWLRQDOO\ D WKHUDSHXWLF
DOOLDQFHZRXOGQRWEHQHFHVVDU\IRUWKLVIRUPRIWUDLQLQJ7UDLQLQJVHVVLRQVFRXOG
be styled in computer game fashion where the goal would be to achieve points or 
PRQH\7KURXJKRXWWKHJDPHWKHSDWLHQWLVIDFHGZLWKPDNLQJGHFLVLRQVDERXWKRZ
WRDFKLHYHWKHJRDOTXLFNDQGULVN\VORZEXWVDIHZLWKLOOHJDODFWLRQRUYLDWKHOHJDO
SDWKHWF)RUHDFKRIWKHGHFLVLRQWKHSDWLHQWKDVWKHRSWLRQWRJDWKHULQIRUPDWLRQ
DERXW DVVRFLDWHG ULVNV DQG EHQHȴWV 1RW RQO\ FRXOG RQH PRQLWRU EHKDYLRUDOO\
KRZ DQG ZKLFK LQIRUPDWLRQ VRPHRQH XVHV WR FRPH WR D GHFLVLRQ LW ZRXOG EH
easy to combine behavioral monitoring with eyetracking and with autonomic or 
electrophysiological measures which would give additional information on how 
SDWLHQWVSURFHVVLQIRUPDWLRQDQGUHVSRQG
2IVLPLODU LPSRUWDQFHVHHPVWREHHYDOXDWLRQRIVLWXDWLRQVWKDWKDYHDOUHDG\
WDNHQSODFH(DFKRIWKHVHGHFLVLRQVLWXDWLRQVKRXOGEHHYDOXDWHGDIWHUZDUGVDQG
LWVKRXOGEHPDGHH[SOLFLWZKHWKHUDUHVSRQVHOHGWRWKHSUHGLFWHGRXWFRPHDQG
LIQRWKRZWKLVZRXOGEH LQIRUPDWLYHIRUIXWXUHGHFLVLRQV,QFUHDVLQJDZDUHQHVV
RI EHKDYLRUDO FKRLFHV DQG LWV FRQVHTXHQFHV VKRXOG EH H[WHQVLYHO\ WUDLQHG 7KLV
ZRXOG FRQFXU ZLWK RXU ȴQGLQJ WKDW SDWLHQWV ZLWK SV\FKRSDWK\ WDNH PRUH WLPH
WR LQWHUQDOL]H DQG JHQHUDOL]H UXOHV $OVR VWXGLHV KDYH VKRZQ WKDW SV\FKRSDWKLF
individuals are unimpaired in decisions following feedback if they were forced to 
VWRSEHIRUHUHVSRQGLQJ1HZPDQ3DWWHUVRQ	.RVVRQLHZKHQWKH\DUH
IRUFHGWRSD\DWWHQWLRQWRWKHIHHGEDFN$JDLQRQHVKRXOGEHDZDUHWKDWWKHVHDUH
PHUHO\VXJJHVWLRQVDQGWKDWZHQHHGHYLGHQFHIRUVXFKDSSURDFKHV,WPLJKWDV
well be that this approach makes the psychopathic patient even more controlled 
DQGLQVWUXPHQWDOLHZKDWLVLQLWIRUPH"DQGVSHFLDODWWHQWLRQVKRXOGEHSDLGWR
WKLVSRVVLELOLW\ZKHQLPSOHPHQWLQJDQGHYDOXDWLQJWKHDERYHVXJJHVWHGPHWKRG
Neural and pharmacological approaches
%HVLGHVVXJJHVWLRQVIRUDGMXVWLQJFRJQLWLYHEHKDYLRUDOLQWHUYHQWLRQVWKHSUHVHQWHG
studies also give some clues about interventions at a neural level which might 
OHDGWR LPSURYHPHQWVRI WKHGHȴFLWV WKDWZHGHPRQVWUDWHG7KHVH LQWHUYHQWLRQV
either aim at increasing/decreasing activity in certain brain areas related to 
UHLQIRUFHPHQW SURFHVVLQJ DW FRQWUROOLQJ DFWLYLW\ LQ FHUWDLQ EUDLQ DUHDV RU DW
LQȵXHQFLQJQHXURWUDQVPLWWHUSURFHVVHV
$ ȴUVW RSWLRQ IRU WUHDWPHQW DW D QHXUDO OHYHO FRXOG EH QHXURIHHGEDFNZKLFK
XVHVUHDOWLPHGLVSOD\VRIQHXUDODFWLYLW\WRWHDFKVHOIUHJXODWLRQRIWKHVHVLJQDOV
Neurofeedback would be an option to directly increase brain activity generating 
WKH)51WKURXJKSRZHUWUDLQLQJ'XULQJWKLVWUDLQLQJSDWLHQWVZRXOGOHDUQKRZWR
LQFUHDVHGHFUHDVLQJWKRVHSRZHUEDQGVLHWKHWDEDQGDOSKDUHODWHGWRWKH(51
&DYDQDJK=DPEUDQR9D]TXH]	$OOHQ&RKHQ&RKHQ	5DQJDQDWK
/XX7XFNHU	0DNHLJYDQ'ULHO5LGGHULQNKRI	&RKHQ$VHFRQG
possibility could be to use real-time functional magnetic resonance imaging to train 
SDWLHQWVLQXSUHJXODWLQJHPRWLRQQHWZRUNVLQFOXGLQJWKHVWULDWXPDP\JGDODDQG
SUHIURQWDODUHDV7KDWKLVFDQEHDFKLHYHGDIWHUUHODWLYHO\VKRUWSHULRGVRIWUDLQLQJ
KDGEHHQVKRZQE\-RKQVWRQ%RHKP+HDO\*RHEHO	/LQGH7KHQHWZRUNV
targeted in this study include those involved in approach avoidance behavior such 
as the amygdala and prefrontal regions including the orbitofrontal areas (Roelofs 
HWDO9ROPDQHWDOEXWDOVRDUHDVLQYROYHGLQDQWLFLSDWLRQRIUHZDUGV
DQGUXOHGULYHQDGMXVWPHQWVVXFKDVWKHVWULDWXPDQGRUELWRIURQWDODUHDV
7UDQVFUDQLDO PDJQHWLF VWLPXODWLRQ 706 RI WKRVH EUDLQ DUHDV LQYROYHG LQ
approach avoidance tendencies and prediction error processing could also result 
LQ LQFUHDVHG HɝFLHQF\ 9ROPDQ DQG FROOHDJXHV  KDYH GHPRQVWUDWHG WKDW
LQKLELWLRQRIIURQWDODUHDVDFWXDOO\GHFUHDVHVFRQWURORYHUWKHVHDFWLRQWHQGHQFLHV
7KXV IDU QR GLUHFW OLQN EHWZHHQ WKH GHȴFLWV UHSRUWHG LQ WKLV WKHVLV DQG FOLQLFDO
WUHDWPHQWJRDOVKDYHEHHQHVWDEOLVKHG$OVR706LVNQRZQWRKDYHUHODWLYHO\VKRUW
OLYHGHIIHFWVPDNLQJLWVFOLQLFDODSSOLFDWLRQTXHVWLRQDEOH
'HHSEUDLQVWLPXODWLRQLVDQRWKHUIRUPRILQȵXHQFLQJDFWLYLW\LQVSHFLȴFEUDLQ
DUHDV$UHFHQWVWXG\VKRZHGWKDWGHHSEUDLQVWLPXODWLRQRIWKHQXFOHXVDFFXPEHQV
LQSDWLHQWVZLWKREVHVVLYHFRPSXOVLYHGLVRUGHUUHGXFHGH[FHVVLYHFRQQHFWLYLW\LQ
IURQWRVWULDWDO QHWZRUNV )LJHH HW DO :HKDYH VKRZQ WKDW WKRVH SDUWV RI
the fronto-striatal network involved in the anticipation of reward are differentially 
DFWLYDWHGLQSV\FKRSDWKLFSDWLHQWV5HDOLVWLFDOO\WKLVWHFKQLTXHLVYHU\LQYDVLYHDQG
is only used on patients where no other treatment leads to an improvement of 
V\PSWRPV
$QRWKHURSWLRQZRXOGEHWRFKDQJHEHKDYLRUZLWKSKDUPDFRORJLFDOWUHDWPHQW
,WKDVEHHQVKRZQWKDWR[\WRFLQHQKDQFHVWKHXVHRIVRFLDOIHHGEDFNVPLOLQJDQG
DQJU\IDFHVDQGHQKDQFHVHPSDWK\+XUOHPDQQHWDO+RZHYHULWKDVDOVR
EHHQVKRZQWKDWR[\WRFLQ LQFUHDVHVDSSURDFKRIDQJU\ IDFHV LQKHDOWK\VXEMHFWV
3DJH_3DJH_ &OLQLFDOLPSOLFDWLRQV&OLQLFDOLPSOLFDWLRQV
5DGNH 5RHORIV 	 'H %UXLMQ  7KH ODWWHU LV LQ OLQH ZLWK RWKHU UHSRUWV RI
R[\WRFLQVKRZLQJERWKSURVRFLDODQGSURVHOIHIIHFWV'HFOHUFN%RRQH	.L\RQDUL
DQGWKHUHE\SRLQWWRDPRUHFRPSOH[HIIHFWRIR[\WRFLQEHVLGHVIDFLOLWDWLRQ
RI SURVRFLDO EHKDYLRU 'RSDPLQHUJLF DQG VHURWRQHUJLF DJHQWV KDYH EHHQ VKRZQ
WR LQȵXHQFHUHZDUGUHVSHFWLYHO\SXQLVKPHQW OHDUQLQJDQGWKHEDODQFHEHWZHHQ
WKH WZR &RROV HW DO  &RROV 1DNDPXUD 	 'DZ  &URFNHWW &ODUN 	
5REELQV'DZ.DNDGH	'D\DQ6DQWHVVRHWDO$OWKRXJKWKHUH
DUH QXPHURXV VWXGLHV RQ GRSDPLQHUJLF HIIHFWV RQ FRJQLWLRQ WKHVH VWXGLHV DOVR
GHPRQVWUDWHKRZFRPSOLFDWHGWKLVV\VWHPLV$UHFHQWUHYLHZ&RROV	'ȇ(VSRVLWR
 KLJKOLJKWV KRZ FRPSOLFDWHG LW LV WR RSWLPL]H GRSDPLQHUJLF IXQFWLRQLQJ
Not only does one have to take into account baseline levels of neurotransmitter 
IXQFWLRQLQJEXWDOVRLWVRSSRVLQJHIIHFWVRQGLIIHUHQWEUDLQDUHDVDQGIXQFWLRQV
Surprisingly few studies have investigated effects of pharmacological agents on the 
(51RU)516RPHVWXGLHVKDYHVKRZQUHGXFWLRQVRIWKH(51DIWHUDGPLQLVWUDWLRQ
RI EHQ]RGLD]HSLQHV GH%UXLMQ 6DEEH+XOVWLMQ 5XLJW	 9HUNHV  -RKDQQHV
:LHULQJD1DJHU'HQJOHU	0XQWH$QRWKHUVWXG\VKRZHGLQFUHDVHVLQ(51
DPSOLWXGHVDIWHUDGPLQLVWUDWLRQRID LQGLUHFWGRSDPLQHDJRQLVW DPSKHWDPLQHV
EXWUHGXFHG(51DPSOLWXGHVDIWHUDGPLQLVWUDWLRQRIORUD]HSDPOHDGLQJWRGLUHFW
*$%$HUJLF LQQHUYDWLRQRI WKH$&& GH%UXLMQHWDO  6WXGLHVRQ WKHHIIHFW
RI KDORSHULGRO GRSDPLQH DQWDJRQLVW GHPRQVWUDWHG WKDW (51 DPSOLWXGHV ZHUH
UHGXFHGDIWHUDGPLQLVWUDWLRQGH%UXLMQHWDO=LUQKHOGHWDO$OWKRXJK
QRWDSKDUPDFRORJLFDODJHQW LQDFODVVLFDOVHQVH LWKDVEHHQVKRZQWKDWDOFRKRO
FRQVXPSWLRQ UHGXFHV (51 DPSOLWXGHV 5LGGHULQNKRI HW DO ZKLOH FDIIHLQH
HQODUJHV(51DPSOLWXGHV7LHJHV5LFKDUG5LGGHULQNKRI6QHO	.RN7DNHQ
WRJHWKHU WKHUH DUH VWURQJ LQGLFDWLRQV WKDW GLUHFW RU LQGLUHFW SKDUPDFRORJLFDO
PDQLSXODWLRQRIGRSDPLQHUJLFDFWLYLW\GRHVLQȵXHQFHSUHGLFWLRQHUURUFRGLQJDQG
WKHEDODQFHEHWZHHQUHZDUGDQGSXQLVKPHQWVHQVLWLYLW\7KHVHQHXURWUDQVPLWWHU
systems could thus be potential targets to improve aspects of reinforcement 
SURFHVVLQJ
Consideration of the above mentioned options to increase brain activity or 
cognitive functions related to reinforcement processing should be taken with some 
FDXWLRQ ([SHULPHQWDO HYLGHQFH FRPHV IURPKLJKO\ FRQWUROOHG VLWXDWLRQDQG LW LV
TXHVWLRQDEOH LQKRZ IDUHIIHFWVZLOOEH IRXQGZKHQPHDVXUHG LQGDLO\EHKDYLRU
$OVRGXUDWLRQRIWKHHIIHFWVDQGSRVVLEOHVLGHHIIHFWVVKRXOGEHFRQVLGHUHG7KH
UHDGHUVKRXOGUHDOL]HWKDWWKHVHWHFKQLTXHVDUHSURPLVLQJEXWDUHIDUIURPFOLQLFDO
LPSOHPHQWDWLRQV 5HVXOWV RI WKH DERYH PHQWLRQHG QHXUDO RU SKDUPDFRORJLFDO
LQWHUYHQWLRQVKDYH WREHUHSOLFDWHG LQSDWLHQWVZLWKSV\FKRSDWK\$GGLWLRQDOO\D
link to behavior relevant for treatment success has to be established and long term 
HIIHFWVQHHGWREHSURYHQ$OOLQDOOWKHUHLVDQHHGIRUPRUHVWXGLHVLQYHVWLJDWLQJ
WKHVHSRVVLELOLWLHVEHIRUHWKH\FRXOGSRWHQWLDOO\LQIRUPFOLQLFDOLQWHUYHQWLRQV
The context of an intervention
)LQDOO\ LW LV LPSRUWDQW QRW RQO\ WR FRQVLGHU VSHFLȴF LQWHUYHQWLRQV EXW DOVR WKH
FRQWH[WLQZKLFKWKHVHDUHDSSOLHG)LUVWWUHDWPHQWRIFULPLQDOSV\FKRSDWKVXVXDOO\
WDNHVSODFHLQKLJKO\FRQWUROOHGHQYLURQPHQWV$VPHQWLRQHGDERYHWKLVPDNHVLW
GLɝFXOWWRDVVHVVEHKDYLRUDOFKDQJH'LVVRFLDOEHKDYLRULVSUHYHQWHGLQJHQHUDODQG
VSHFLȴFDOO\DVVRRQDVDSDWLHQWVKRZVVLJQRISDWKRORJLFDOEHKDYLRU)XUWKHUPRUH
D UHVWULFWHG DUHD ȴ[HG UXOHV IDPLOLDU VWDIIPHPEHUV DQG FRSDWLHQWVPDNH LW D
PRUHSUHGLFWDEOHHQYLURQPHQWWKHQOLIHRXWVLGHWKHVHIDFLOLWLHV6SHFLDODWWHQWLRQ
should be paid to gradually decrease predictability and control in order to assess 
WUHDWPHQWFKDQJHDQGKRZWKLVDIIHFWVWKHEHKDYLRURIDSDWLHQW*UDGXDOGHFUHDVH
RI H[WHUQDO FRQWURO LV SDUW RI IRUHQVLF WUHDWPHQWZKHUH SDWLHQWV DUH LQWURGXFHG
EDFNLQWRVRFLHW\LQVPDOOVWHSVUHȵHFWHGIRUH[DPSOHLQWKHDPRXQWRIUHVWULFWHG
PRYHPHQWRUWKHDPRXQWRIVXSHUYLVLRQ7\SLFDOO\SDWLHQWVVWDUWRXWZLWKRXWDQ\
XQVXSHUYLVHGDFWLRQRXWVLGHWKHZDUG1H[WVXSHUYLVLRQZLWKLQWKHFOLQLFDOFRQWH[W
LVVORZO\UHGXFHG)ROORZLQJWKLVSDWLHQWVPLJKWJRRQVXSHUYLVHGOHDYHRXWVLGHWKH
FOLQLFDQGHYHQODWHUWKLVPLJKWEHFKDQJHGWRXQVXSHUYLVHGOHDYHRUHYHQZRUNDQG
KRPHRXWVLGHDVXSHUYLVHGFRQWH[W7KLVFRXOGEHXVHGWRSUDFWLFHVLWXDWLRQVZKHUH
FRQWUROOLQJEHKDYLRUEHFRPHVPRUHGLɝFXOWDQGWRJHQHUDOL]HOHDUQHGSULQFLSOHVWR
PRUHFRPSOLFDWHGVLWXDWLRQV
7KHDELOLW\WRFRQWUROWKHFRQWH[WFDQDOVREHXVHGWRPDNHWKHFRQWH[WDQGWKH
UHLQIRUFHPHQWSURSHUWLHVRIDFRQWH[WPRUHHIIHFWLYH:HKDYHVKRZQWKDWFRQWURO
of behavior might be strongly driven by reward anticipation compared to healthy 
FRQWUROV&KDSWHU:HFRXOGXVHWKLVWRLQFUHDVHEHKDYLRUDOFKDQJHE\FUHDWLQJD
V\VWHPRIUHZDUGDQGSXQLVKPHQWZLWKLQWKHWUHDWPHQWFRQWH[W(PSKDVLVVKRXOG
EHSXWRQORQJWHUPDGDSWLYHUHLQIRUFHUVLHDKHDOWK\DGDSWLYHOLIHVW\OHLQVWHDGRI
WKRVHZKROHDGWRQHJDWLYHFRQVHTXHQFHVLQWKHORQJWHUPHJFRPPLWWLQJDFULPH
3DJH_3DJH_ &ORVLQJ5HPDUNV&OLQLFDOLPSOLFDWLRQV
WRJHWDFFHVVWRPRQH\GUXJVRUVH[ZKLFKOHDGVWRLPSULVRQPHQWDQGRWKHUQHJDWLYH
FRQVHTXHQFHVLQWKHORQJWHUP5HLQIRUFHUVVKRXOGEHLQGLYLGXDOO\GHWHUPLQHGWR
EHPRVWHIIHFWLYH ,QJHQHUDO FOLQLFLDQVREVHUYH WKDWZKDWSV\FKRSDWKLFSDWLHQWV
SHUFHLYHDV UHZDUG LVGLIIHUHQW IURPRXUGHȴQLWLRQRIZKDWZH WKLQN WKH\PLJKW
ȴQG UHZDUGLQJ )RFXVVLQJ RQ UHLQIRUFLQJ EHKDYLRU QRW UHVHPEOLQJ SV\FKRSDWKLF
FRQGXFWHJGHOD\HGUHZDUGWHOOLQJWKHWUXWKWDNLQJUHVSRQVLELOLW\EHLQJKHOSIXO
DQGFRRSHUDWLYHZKLOHHQIRUFLQJSXQLVKPHQWIRULPSXOVLYHGLVKRQHVWDJJUHVVLYH
DQGLUUHVSRQVLEOHEHKDYLRUVKRXOGEHFHQWUDO:KLOHUHLQIRUFHUHFRQRP\KDVEHHQ
proven to be effective for reducing total assaults and especially staff injuries in an 
DFXWHSV\FKLDWULFXQLW/H3DJHHWDOLWVHIIHFWDIWHUUHOHDVHLVTXHVWLRQDEOH
5LFH4XLQVH\	+RXJKWRQ$WWHQWLRQVKRXOGEHSDLGWRJHQHUDOL]DWLRQRI
HIIHFWVIURPFRQWUROOHGWRXQFRQWUROOHGVHWWLQJV
7KHDERYHGHVFULEHGDSSURDFKWRFRQWURODQGXVHUHLQIRUFHPHQWSURSHUWLHVRI
DGDLO\FRQWH[WUHVHPEOHVVRPHEDVLFSURSHUWLHVRIWKHFRPPXQLW\UHLQIRUFHPHQW
DSSURDFK&5$0LOOHU0H\HUV	+LOOHU6WXUPKRIHOIRUDGGLFWLRQWUHDWPHQW
7KHJRDORIDEVWLQHQFHLQ&5$DSSURDFKHVLVDFKLHYHGE\HOLPLQDWLRQRIWKHSRVLWLYH
reinforcement properties of the drug and enhancing positive reinforcement 
SURSHUWLHVRI VWD\LQJFOHDQ7KHXQGHUO\LQJ WKRXJKW LVTXLHW VLPSOH UHDUUDQJHD
SHUVRQȇVOLIHLQVXFKDZD\WKDWDEVWLQHQFHLVPRUHUHZDUGLQJWKDQWDNLQJGUXJV
6LPLODUO\SDUWRI WKH LGHDGHVFULEHGDERYH LV WRGLVDUPUHZDUGLQJSURSHUWLHVRI
psychopathic behavior while increasing rewarding properties of social and adapted 
EHKDYLRU
7DNHQWRJHWKHUWKHSUHVHQWHPSLULFDOUHVXOWVJHQHUDWHGVRPHLGHDVRQWUDLQLQJ
SV\FKRSDWKLF SDWLHQWV LQ SURVRFLDO EHKDYLRU 6LPSOH EHKDYLRUDO DSSURDFK
avoidance training sessions could potentially change highly internalized and 
DXWRPDWLF EHKDYLRUDO WHQGHQFLHV WRZDUGV VRFLDO VWLPXOL )XUWKHUPRUH H[SOLFLW
cognitive-behavioral training should be implemented in which psychopaths learn 
how to consciously weigh available choices of responding and their consequences 
DQGDGGLWLRQDOO\UHȵHFWRQWKLVGHFLVLRQDIWHUKDYLQJLWFDUULHGRXW:HSURSRVHWKDW
WKLVVKRXOGVWDUWLQVLPSOHKLJKO\VWUXFWXUHGVLWXDWLRQVȴFWLWLRXVVLWXDWLRQVLQDQ
LQWHUYHQWLRQ,WVKRXOGEHKLJKO\UHSHWLWLYHHJKRPHZRUNSUDFWLFHQRWRQO\ZLWK
WKHUDSLVWVEXWZLWKZDUGVWDIIDQGRQO\JUDGXDOO\EHH[WHQGHG WRPRUHFRPSOH[
VLWXDWLRQV LQ RUGHU WR SURPRWH LQWHUQDOL]DWLRQ DQG RQO\ ODWHU JHQHUDOL]DWLRQ
$GGLWLRQDOO\XVLQJLQGLYLGXDOFKDUDFWHULVWLFVLQUHZDUGDQGSXQLVKPHQWVHQVLWLYLW\
could be used to create a reinforcement economy to further improve changes in 
EHKDYLRUDQGWRLQFUHDVHPRWLYDWLRQIRUWUHDWPHQW
7KH SUHVHQW UHVXOWV VXJJHVW WKDW ERWK LQVWUXPHQWDO DQG SDYORYLDQ IRUPV RI
OHDUQLQJLVDIIHFWHGLQSV\FKRSDWK\7KHSUREOHPVHHPVWROLHLQWKRVHQHXURFRJQLWLYH
SURFHVVHV WKDWFRPSDUHDQRXWFRPHWRSUHGLFWLRQVPDGHEHIRUH7KLV UHVXOWV LQ
a decreased effectiveness of this signal to adjust future predictions in order to 
FRQWURO DGDSWLYH UHVSRQVHV ,W LV WKH LQWHUQDOL]DWLRQ RI WKLV VLJQDO DV ZHOO DV LWV
application in future identical situations or generalizing it to similar situations which 
LVDIIHFWHG LQSV\FKRSDWK\7KHREVHUYDWLRQRI LQWHUQDOL]DWLRQDQGJHQHUDOLVDWLRQ
SUREOHPVFRUUHVSRQGVZLWKFOLQLFDOREVHUYDWLRQV3V\FKRSDWKLFSDWLHQWVDUHRIWHQ
GHVFULEHG DV VKRZLQJ KLJKO\ FRQWUROOHG PDQLSXODWLYH EHKDYLRU ZKLFK OHW WKHP
IXQFWLRQSHUIHFWO\LQDFRQWUROOHGFRQWH[WVXFKDVDIRUHQVLFFOLQLF+RZHYHUPDQ\
IDOOEDFN LQWRROGDQWLVRFLDOEHKDYLRUVZKHQ WKLV FRQWURO LVGHFUHDVHG HJPRUH
SULYLOHJHV DQG SRVVLEO\ RSWLRQV IRU VXSHUYLVHGXQVXSHUYLVHG OHDYH 6HFRQG WKH
SUREOHPFRUUHVSRQGVZLWKUHSRUWVRQHPSDWKLFIXQFWLRQLQJLQSV\FKRSDWK\%ODLU
7KH\GRVKRZ LQWDFWPRWRU LHDSSURSULDWHQRQYHUEDO UHDFWLRQVVXFKDV
ORRNLQJVDGZKHQVRPHRQHWHOOV WKHPDVDGVWRU\DQG LQWDFWFRJQLWLYHHPSDWK\
LH WKHRU\RIPLQGEHLQJDEOH WR UDWLRQDOO\DUJXHKRZVRPHRQHPXVW IHHODQG
ZKDWDQDSSURSULDWHUHDFWLRQWRWKLVZRXOGEH+RZHYHULWLVJHQHUDOO\DUJXHGWKDW
WKH\GRQRWVKRZDIIHFWLYHHPSDWK\LHUHDOO\IHHOZKDWDQHPSDWKLFSHUVRQZRXOG
IHHOLIVRPHRQHWHOOVWKHPDVDGVWRU\6LPLODUSDWWHUQVDUHREVHUYHGZLWKUHVSHFW
WRPRUDOEHKDYLRUWKH\FDQWHOO\RXZKDWLVFRQVLGHUHGPRUDODQGZKDWLVQRWEXW
VWLOO VKRZKLJKO\ LPPRUDOEHKDYLRU &LPDHWDO ,W LVQRW WKDW WKH\GRQRW
XQGHUVWDQGLWWKH\KDYHDKDUGWLPHLQWHUQDOL]LQJDQGDSSO\LQJNQRZOHGJH
7.6. Closing Remarks
7KH SUHVHQW WKHVLV FRQWULEXWHV WR WKH XQGHUVWDQGLQJ RI UHLQIRUFHPHQW EDVHG
OHDUQLQJ LQSV\FKRSDWK\ ,WSURYLGHV LQVLJKWV WKDWPLJKWQRWRQO\ OHDG WR IXUWKHU
XQGHUVWDQGLQJRIQHXURFRJQLWLYHG\VIXQFWLRQV LQSV\FKRSDWK\ EXW DOVR WR LGHDV
FRQWULEXWLQJWRQHZGHYHORSPHQWVLQWKHȴHOGRIWUHDWPHQW
$OVR WKLV WKHVLV DWWHPSWHG WR EULGJH WKH JDS EHWZHHQ HPSLULFDO UHVHDUFK
DQG FOLQLFDO SUDFWLFH ,W VWDUWHG IURP D FOLQLFDO TXHVWLRQ Ȋ+RZ FDQ WUHDWPHQW RI
3DJH_3DJH_ 5HIHUHQFH&ORVLQJ5HPDUNV
SV\FKRSDWK\EHLPSURYHG"ȋWKHQPRYHGWRIXQGDPHQWDOUHVHDUFKPHWKRGVDQG
FRQVLGHUHGWKHLPSOLFDWLRQVRIWKHȴQGLQJVIRUFOLQLFDOSUDFWLFH,WKDVFRQWULEXWHG
WRWKHTXHVWLRQRIZK\SV\FKRSDWKVVKRZFKURQLFSHUVLVWHQWSDWWHUQVRIDQWLVRFLDO
behavior by demonstrating that fundamental reinforcement principles are 
LPSDLUHG
)LQDOO\LQWKLVWKHVLV,KDYHWULHGWRVKRZKRZPRGHOVRISV\FKRSDWK\FDQEH
LPSURYHGZKHQ UHVXOWV DUH QRW RQO\ LQWHUSUHWHG LQ WHUPV RI H[LVWLQJPRGHOV RI
SV\FKRSDWK\EXWDGGLWLRQDOO\DUHYLHZHGLQOLJKWRINQRZOHGJHDERXWUHLQIRUFHPHQW
SURFHVVLQJLQWKHKHDOWK\EUDLQ7KLVGHPRQVWUDWHVWKHLPSRUWDQFHRILQWHJUDWLQJ
NQRZOHGJHRIWKHKHDOWK\EUDLQLQWRPRGHOVRIPHQWDOGLVRUGHUV
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%LMQD LHGHUHHQKHHIW KHWZRRUG ȆSV\FKRSDDWȇZHOHHQV JHKRRUGRI JHEUXLNW 9DDN
GHQNHQPHQVHQKLHUELMDDQȴFWLHYHNDUDNWHUV]RDOV+DQQLEDO/HFWRULQȆ6LOHQFHRIWKH
ODPEȇ$QWRQ&KLJXUKLQȆ1RFRXQWU\IRUROGPHQȇRI3DWULFN%DWHPDQLQȆ$PHULFDQ
3V\FKRȇ %LQQHQ GH IRUHQVLVFKH SV\FKLDWULHZRUGW SV\FKRSDWKLH JHGHȴQLHHUG DOV
een aandoening waarbij iemand sociaal-emotionele problematiek vertoont zoals 
NLOKHLGJHEUHNDDQEHURXZHQDIZH]LJKHLGYDQHPSDWKLHHQPHWHHQDQWLVRFLDOH
OHYHQVVWLMO]RDOVLPSXOVLYLWHLWSULNNHOKRQJHUSDUDVLWDLUHOHYHQVVWLMOHQFULPLQDOLWHLW
(U]LMQHFKWHURRNSHUVRQHQPHWSV\FKRSDWKLVFKHWUHNNHQGLHJHHQFULPLQHHOJHGUDJ
YHUWRQHQGH]RJHQDDPGHVXFFHVYROOHSV\FKRSDWHQ
,Q1HGHUODQGEHVWDDQHU]RJHQDDPGH7%6NOLQLHNHQNOLQLHNHQGLH LQWHQVLHYH
behandeling bieden aan individuen die zware delicten hebben gepleegd en 
WHJHOLMNHUWLMG DDQ HHQ ȆJHEUHNNLJH RQWZLNNHOLQJ RI ]LHNHOLMNH VWRRUQLV YDQ KHW
JHHVWHVYHUPRJHQ OLMGHQȇ 'DGHUV GLH LQ HHQ GHUJHOLMNH LQVWHOOLQJ WHUHFKW NRPHQ
vormen door hun psychische stoornis een gevaar voor de maatschappij en/of voor 
]LFK]HOI2PGHPDDWVFKDSSLMWHEHVFKHUPHQZRUGWHUGRRUGHUHFKWHUYHUSOHJLQJ
LQHHQIRUHQVLVFKSV\FKLDWULVFKFHQWUXPRI7%6NOLQLHNRSJHOHJG'RHOKLHUYDQ LV
om de dader te resocialiseren en de kans op recidives te verminderen zodat deze 
XLWHLQGHOLMNZHHUWHUXJNDQNHUHQLQGHVDPHQOHYLQJ
,QGH]HNOLQLHNHQ]LWWHQRRNGDGHUVGLHHHQGLDJQRVHSV\FKRSDWKLHKHEEHQ%LM
GH]HJURHSSDWL­QWHQEOLMIWGHEHKDQGHOLQJHHQJURWHXLWGDJLQJ(ULVWZLMIHORIGH]H
SDWL­QWHQ¾EHUKDXSWEHKDQGHOEDDU]LMQHQ]RMDZHONHYRUPYDQEHKDQGHOLQJGDQ
WRWGHJHZHQVWHYHUDQGHULQJOHLGW(ULVHHQJURWHEHKRHIGHDDQPHHUNHQQLVRYHU
KRHGH]HSDWL­QWHQNXQQHQOHUHQKXQJHGUDJWHYHUDQGHUHQ(HQHHUVWHVWDSLVWH
RQGHU]RHNHQZHONHPDQLHUHQYDQ OHUHQJRHGYHUORSHQHQZHONHQLHW2RN LVKHW
van belang om te onderzoeken hoe hun brein functioneert tijdens de verschillende 
YRUPHQHQDVSHFWHQYDQOHUHQ+RHYHUZHUNHQGHKHUVHQHQIHHGEDFNRSJHGUDJHQ
FRQVHTXHQWLHVYDQJHGUDJKRHDQWLFLSHUHQGHKHUVHQHQRSHHQYHUZDFKWHEHORQLQJ
RIVWUDI"$OVHUPHHUNHQQLVLVRYHUOHHUSURFHVVHQELMSDWL­QWHQPHWSV\FKRSDWKLHNDQ
deze kennis gebruikt worden om effectievere behandelinterventies te ontwikkelen 
die beter afgestemd zijn op de beperkingen en de vaardigheden van patiënten met 
SV\FKRSDWKLH
,Q GLW SURHIVFKULIW ZRUGW HHQ UHHNV H[SHULPHQWHQ JHUDSSRUWHHUG GLH DOV
GRHO KHEEHQ GH]H NHQQLV WH YHUJURWHQ ,Q KRRIGVWXN  ZRUGHQ DXWRPDWLVFKH
JHGUDJVWHQGHQFLHVRSVRFLDOHVWLPXOL LQSDWLHQWHQPHWSV\FKRSDWKLHRQGHU]RFKW
+RRIGVWXNLVHURSJHULFKWWHRQGHU]RHNHQZDWHULQGHKHUVHQHQYDQSV\FKRSDWKLVFKH
personen gebeurt tijdens het in afwachting zijn van een gedragsconsequenties 
]LMQ ,Q KRRIGVWXN   HQ  VWDDW EHVFKUHYHQ KRH GH]H FRQVHTXHQWLHV YHUZHUNW
ZRUGHQ ELM SV\FKRSDWHQ ,Q hoofdstuk 2 ZRUGW HHQ H[SHULPHQW EHVFKUHYHQ
waarin toenaderings- en vermijdingstendenties van patiënten met psychopathie 
RS DIIHFWLHYH JH]LFKWVXLWGUXNNLQJHQ EOLM ERRV HQ QHXWUDDO ZRUGHQ YHUJHOHNHQ
PHW JHGUDJVWHQGHQWLHV YDQ QLHWSV\FKRSDWKLVFKH GHHOQHPHUV 7RHQDGHULQJ
HQ YHUPLMGLQJ ]LMQ EDVDOH UHVSRQVHQ GLH WHQ JURQGVODJ OLJJHQ DDQ FRPSOH[H
HPRWLRQHOH UHVSRQVHQ 3RVLWLHYH VWLPXOL ]RDOV HHQ JHOXNNLJ JH]LFKW ORNNHQ LQ
JH]RQGHPHQVHQHHQWRHQDGHULQJVWHQGHQWLHXLWWHUZLMOQHJDWLHYHHQEHGUHLJHQGH
JH]LFKWVXLWGUXNNLQJHQ HHQ YHUPLMGLQJVWHQGHQWLH XLWORNNHQ+HW LV LPPHUV ]RGDW
KHWEHQDGHUHQYDQLHWVSRVLWLHIVPHHVWDOJHSDDUGJDDWPHWHHQSRVLWLHYHHUYDULQJ
terwijl het vermijden van iets negatiefs juist ertoe moet leiden dat de negatieve 
FRPSRQHQW YHUPHGHQ ZRUGW 'H]H WHQGHQWLHV NXQQHQ JHPHWHQ ZRUGHQ GRRU
deelnemers te instrueren om op een computerscherm gepresenteerde gezichten 
PHWEHKXOSYDQHHQ MR\VWLFNYDQ]LFKZHJ WHGXZHQRIQDDU]LFK WRH WH WUHNNHQ
'HUHVXOWDWHQODWHQ]LHQGDWSDWL­QWHQPHWSV\FKRSDWKLHPLQGHUJHQHLJG]LMQRP
ER]HJH]LFKWHQYDQ]LFKDIWHGXZHQGDQJH]RQGHGHHOQHPHUVXLWGHFRQWUROHJURHS
'H]H YHUPLQGHUGH QHLJLQJ RP ER]H JH]LFKWHQ WH YHUPLMGHQ EOHHN VDPHQ WH
hangen met de mate waarin deelnemers het perspectief van iemand anders 
kunnen innemen en met de mate van agressie die deelnemers over de laatste 6 
PDDQGHQUDSSRUWHHUGHQ(HQERRVJH]LFKWNDQLPPHUVHHQVLJQDDO]LMQGDWYHUGHUH
WRHQDGHULQJYDQGHER]HSHUVRRQWRWHHQDJUHVVLHYHRQWPRHWLQJNDQ OHLGHQ$OV
HHQERRVJH]LFKWQLHWZRUGWYHUPHGHQNDQGHNDQVRSDJUHVVLH WRHQHPHQ2P
te kunnen begrijpen dat iemand met die boze gezichtsuitdrukking het signaal wil 
DIJHYHQGDWPHQKHPKDDUEHWHUPHWUXVWNDQODWHQPRHWGHSHUVRRQGLHGH]H
LQIRUPDWLHDGHTXDDWPRHWYHUZHUNHQZHOKHWSHUVSHFWLHIYDQGLHDQGHUNXQQHQ
LQQHPHQ'LWSURFHVEOLMNWELMSV\FKRSDWHQWH]LMQYHUVWRRUG3V\FKRSDWHQEOLMNHQ
dus al op dit basale niveau van affectieve informatieverwerking een tekortkoming 
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In hoofdstuk 3 wordt een studie gerapporteerd waarin met behulp van 
IXQFWLRQHOHPDJQHWLVFKHUHVRQDQWLHLPDJLQJI05,RQGHU]RFKWLVKRHGHKHUVHQHQ
van criminele psychopaten tijdens het in afwachting zijn van een beloning reageren 
in vergelijking met een groep niet-criminelen met veel trekken van psychopathie 
HQ HHQ JURHS QLHWFULPLQHOH GHHOQHPHUV PHW ZHLQLJ SV\FKRSDWKLVFKH WUHNNHQ
'H UHVXOWDWHQ ODWHQ ]LHQ GDW EHLGH JURHSHQ PHW SV\FKRSDWKLVFKH WUHNNHQ HHQ
verhoogde breinactivatie in het striatum laten zien tijdens het in afwachting zijn 
YDQEHORQLQJWHQRS]LFKWHYDQGHHOQHPHUVPHWZHLQLJWUHNNHQYDQSV\FKRSDWKLH
(HQ EHODQJULMNH EHYLQGLQJ LV GDW GH FULPLQHOH SV\FKRSDWHQ HHQ YHUKRRJGH
IXQFWLRQHOH FRQQHFWLYLWHLW WXVVHQ KHW VWULDWXP HQ GHPHGLDOH SUHIURQWDOH FRUWH[
ODWHQ]LHQYHUJHOHNHQPHWGHQLHWFULPLQHOHGHHOQHPHUVPHWYHHOSV\FKRSDWKLVFKH
WUHNNHQ6WHUNHUHDFWLYDWLHWLMGHQVKHWLQDIZDFKWLQJ]LMQYDQEHORQLQJLVGXV]RZHO
LQFULPLQHOHDOVQLHWFULPLQHOHSV\FKRSDWHQWH]LHQ+HWYHUVFKLOWXVVHQFULPLQHOH
en niet-criminele psychopaten is te vinden in hoe dit signaal naar gebieden van de 
KHUVHQHQJHVWXXUGZRUGWGLHEHODQJULMN]LMQELMKHWQHPHQYDQEHVOLVVLQJHQ
In hoofdstuk 4, 5 en 6 wordt niet meer gekeken naar het in afwachting zijn van 
HHQFRQVHTXHQWLHVPDDULVRQGHU]RFKWKRHGHKHUVHQHQGH]HFRQVHTXHQWLHV]HOI
YHUZHUNHQ,QRQVEUHLQEHVWDDWHHQV\VWHHPGDWGHFRQVHTXHQWLHVYDQRQVJHGUDJ
RIYDQHHQJHEHXUWHQLVELMKRXGWRPZDDUQRGLJWRHNRPVWLJJHGUDJELMWHVWXUHQ
(HQUHVXOWDQWHNDQ]RZHOGHLQIRUPDWLH]LMQGDWRQVJHGUDJFRUUHFWRIIRXWLHIZDV
SRVLWLHIRIQHJDWLHIIHHGEDFNRINDQLQIRUPDWLHEHYDWWHQGDWHUHHQSRVLWLHYHRI
QHJDWLHYHXLWNRPVWSODDWVKHHIW JHYRQGHQ'HZHUNLQJYDQGLW V\VWHHPNDQPHW
EHKXOSYDQHOHNWURHQFHIDORJUDȴH((*LQNDDUWJHEUDFKWZRUGHQ$OVGLWV\VWHHP
LQ KHW EUHLQ ELMYRRUEHHOG HHQ IRXW GHWHFWHHUW RQWVWDDW HU HHQQHJDWLHYHSLHN LQ
GH HOHNWULVFKH KHUVHQDFWLYLWHLW GH HUURUUHODWHG QHJDWLYLW\ (51 'H]H SLHN NDQ
op verschillende momenten optreden en heeft telkens een iets andere betekenis: 
DOOHUHHUVW NDQ GH SLHN RSWUHGHQ YODN QDGDW LHPDQG HHQ IRXW KHHIW JHPDDNW ,Q
GDWJHYDOQRHPHQZHGLWHHQUHVSRQVH(51HQZLMVWGHSLHNRSGHDXWRPDWLVFKH
GHWHFWLHYDQHHQIRXWRSKHUVHQQLYHDX9HUYROJHQVNDQGHSLHNRRNRSWUHGHQYODN
QDGDWHUHHQQHJDWLHYHXLWNRPVWRIQHJDWLHYH IHHGEDFN LVJHSUHVHQWHHUG ,QGDW
JHYDOZRUGWGHSLHNGHIHHGEDFN(51)51JHQRHPG
In hoofdstuk 4 is het vermogen van psychopathische patiënten onderzocht om 
QHJDWLHYHIHHGEDFNWHJHEUXLNHQRPWRHNRPVWLJJHGUDJELMWHVWXUHQ'HUHVXOWDWHQ
ODWHQ ]LHQ GDW GH KHUVHQHQ YDQ SV\FKRSDWHQ H[WHUQH QHJDWLHYH IHHGEDFN RS
GH]HOIGHPDQLHUGHWHFWHUHQDOVJH]RQGHGHHOQHPHUVHYHQJURWH)51SLHN(FKWHU
EOLMYHQSV\FKRSDWHQODQJHUDIKDQNHOLMNYDQGH]HH[WHUQHIHHGEDFNHQNXQQHQ]HGLW
PLQGHUJRHGJHEUXLNHQRPJHGUDJELMWHVWXUHQZDWWRWXLWGUXNNLQJNRPWLQWUDJHU
OHHUJHGUDJ9HUGHUOLHWHQGHUHVXOWDWHQ]LHQGDWGHSLHNWLMGHQVKHWPDNHQYDQHHQ
IRXW NOHLQHUZDV (51ELMSV\FKRSDWHQ2RNGLW LV HHQDDQZLM]LQJGDW ]LM ODQJHU
DIKDQNHOLMNEOLMYHQ YDQH[WHUQ IHHGEDFN YRRUGDW ]HRSKHWPRPHQW YDQ UHVSRQV
]HOIVWDQGLJ NXQQHQ LQVFKDWWHQRIGH UHVSRQV FRUUHFWRI LQFRUUHFWZDV3DWL­QWHQ
PHWSV\FKRSDWKLHNXQQHQGXVZHOOHUHQPDDUKHEEHQKLHUYRRUPHHUWLMGQRGLJGDQ
QLHWSV\FKRSDWKLVFKHGHHOQHPHUV2PGDWQLHWGXLGHOLMNLVRIGH)51GHZDDUGHYDQ
GHXLWNRPVWSRVLWLHIYVQHJDWLHIRIGHQRRG]DDNYDQHHQJHGUDJVDDQSDVVLQJZHO
RIQLHWDDQSDVVHQYDQJHGUDJZHHUVSLHJHOWLVGLWLQKHWRQGHU]RHNXLWhoofdstuk 
5YHUGHUXLWJH]RFKW,QYHHOVLWXDWLHVYUDDJWHQNHOHHQQHJDWLHYHXLWNRPVWRPHHQ
JHGUDJVYHUDQGHULQJ'HWDDNZDDUYDQLQGLWRQGHU]RHNJHEUXLNLVJHPDDNWLVHFKWHU
zo ontworpen dat beide - een onverwachte negatieve maar ook een onverwachte 
SRVLWLHYHXLWNRPVWHHQJHGUDJVYHUDQGHULQJNDQHLVHQWHUZLMOYHUZDFKWHSRVLWLHYH
HQQHJDWLHYHXLWNRPVWHQQRRLWHHQJHGUDJVYHUDQGHULQJHLVHQ'HUHVXOWDWHQODWHQ
]LHQGDWGH)51HQNHODIKDQNHOLMNLVYDQGHZDDUGHYDQHHQXLWNRPVWJURWHUH)51
SLHNELMQHJDWLHYHXLWNRPVWGDQELMHHQSRVLWLHYH WHUZLMOHHQDQGHUHKHUVHQSLHN
GH 3 ZHHUVSLHJHOW RI GH]H XLWNRPVW YHUZDFKW RI RQYHUZDFKW ZDV HQ GXV
HHQ JHGUDJVYHUDQGHULQJ HLVW RI QLHW 'H]H UHVXOWDWHQ ]LMQ JHEUXLNW RPKHW]HOIGH
H[SHULPHQWELMSV\FKRSDWHQXLWWHYRHUHQhoofdstuk 6
In hoofdstuk 6 werd onderzocht of psychopaten enkel moeite hebben met 
negatieve maar niet met positieve feedback zoals in de literatuur vaak wordt 
JHVXJJHUHHUG (HQSUREOHHPPHW HHUGHUH VWXGLHVZDVGDW YDDNHQNHOQHJDWLHYH
IHHGEDFN RP HHQ JHGUDJVDDQSDVVLQJ YURHJ ZDDUGRRU QLHW GXLGHOLMN ZHUG RI
psychopaten problemen hebben met het verwerken van negatief feedback of met de 
JHGUDJVDDQSDVVLQJRS]LFK'H]HWZHHDVSHFWHQ]LMQLQKHWRQGHU]RHNXLWKRRIGVWXN
ORVJHNRSSHOGZDDUELMGHZDDUGHYDQGHXLWNRPVWORVVWRQGYDQGHYHUZDFKWLQJ
YDQGHXLWNRPVW  HQNHORQYHUZDFKWHXLWNRPVWHQHLVWHQHHQJHGUDJVDDQSDVVLQJ
*HGUDJVPDWLJ YRQGHQZLM YHUPLQGHUG OHHUJHGUDJELM SV\FKRSDWKLVFKHSDWL­QWHQ
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'H)51ZDVNOHLQHU LQGHJURHSSV\FKRSDWHQYRRU]RZHOSRVLWLHYHDOVQHJDWLHYH
RQYHUZDFKWH IHHGEDFN LQ YHUJHOLMNLQJ WRW GH FRQWUROHJURHS 2RN UHDJHHUGHQ GH
KHUVHQHQ YDQ SV\FKRSDWHQ PHW NOHLQHUH )51 SLHNHQ RS QHJDWLHYH IHHGEDFN
RQJHDFKW RI GLW YHUZDFKW RI RQYHUZDFKW ZDV 'H]H UHVXOWDWHQ VXJJHUHUHQ GDW
psychopathie gepaard gaat met zowel verminderde gedragsaanpassing als ook 
YHUPLQGHUGHYHUZHUNLQJYDQQHJDWLHYHXLWNRPVWHQ
'HVWXGLHVLQGLWSURHIVFKULIWJHYHQQLHXZHLQ]LFKWHQLQZHONHDVSHFWHQYDQKHW
verwerken van feedback en uitkomsten van gedrag bij patiënten met psychopathie 
DIZLMNHQG]LMQPDDURRNZHONHDVSHFWHQQLHWDIZLMNHQ3V\FKRSDWKLVFKHSDWL­QWHQ
WRQHQ DIZLMNHQGH KHUVHQDFWLYLWHLW WLMGHQV KHW LQ DIZDFKWLQJ ]LMQ YDQ EHORQLQJ
afwijkende automatische reacties op boze gezichten en afwijkingen tijdens het 
YHUZHUNLQJ YDQ JHGUDJVXLWNRPVWHQ%HODQJULMN LV HFKWHU RRNRP WH ]LHQGDWQLHW
DOOHDVSHFWHQDDQJHWDVW]LMQ'HH[WHUQHIHHGEDFNZRUGWLPPHUVZHOJHGHWHFWHHUG
PDDU GH DDQSDVVLQJ YDQ JHGUDJ YHUORRSW PRHL]DDP 'LW JHHIW LQGLFDWLHV YRRU
DDQSDVVLQJHQ LQ EHKDQGHOSURJUDPPDȇV YRRU SV\FKRSDWKLH RS GH ODQJH WHUPLMQ
Uit onderzoek zal moeten blijken of deze aanpassingen ook daadwerkelijk effectief 
]LMQ
'DQNZRRUG
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7KRVHRI\RXZKRDUHIDPLOLDUZLWKZKDWȊGRLQJD3K'ȋPHDQVNQRZWKDWWKLVWKHVLV
ZRXOGQRWH[LVWZLWKRXW WKHJXLGDQFHDQGKHOSRIPDQ\RWKHUVZKRFRQWULEXWHG
HLWKHU WR WKHUHVHDUFKDQGRU WR WKHSHUVRQDOZHOOEHLQJRI WKHVH\HDUV%RWKRI
ZKLFKZHUHHTXDOO\LPSRUWDQWWRPH
5RVKDQWRHQMLMQDDU1LMPHJHQNZDPZHUGLNGHHOYDQGHȆ&RROVJDQJȇ-LMKHEW
een andere wereld van onderzoek voor mij geopent dan wat ik tot nu toe uit de 
3RPSHNOLQLHNNHQGH%HGDQNWYRRUGHYHOHGLQJHQGLHLNNRQOHUHQȂYDQQLHXZH
WHFKQLHNHQDOVI05,WRWVFKULMIZHNHQPHWGHȆGRSDPLQLVȇ=RQGHUMRXZDVKHWQLHW
PRJHOLMNJHZHHVWRPKHWRQGHU]RHNXLWWHYRHUHQ'DQNJDDWRRNQDDUPLMQDQGHUH
SURPRWRU-DQ%XLWHODDUHQPLMQFRSURPRWRU5REEHUW-DQ9HUNHV-XOOLHKHEEHQPLM
QLHWDOOHHQGHNDQVJHJHYHQGLWIDQWDVWLVFKRQGHU]RHNXLWWHYRHUHQPDDUPLMRRN
de ruimte gegeven mijn eigen ideëen in te brengen en om diverse proefjes van 
]RZHOGHNOLQLVFKHDOVGHDFDGHPLVFKHZHUHOGWHSURHYHQ
(ULNRKFDSWDLQP\FDSWDLQ=RQGHUMRXZDVGLWERHNQRRLWWRWVWDQGJHNRPHQ
2QWHOEDUHNHUHQ]DWLNRSMHNDPHUWHUZLMOMLMQDDUPLMQHQWKRXVLDVWHXLWEDUVWLQJHQ
OXLVWHUGHHQZDDUVFKLMQOLMNHYHQYDDNRRNQDDUPLMQIUXVWUDWLHV-RXYDGHUOLMNDGYLHV
KHHIWPHJHKROSHQWH]LMQZLHLNEHQȂRRN]RQGHUGHJHKHLPHQYDQGHFKDNUDV
(OOHQRRNDOEHQMHQRRLWLQHHQ7%6NOLQLHNJHZHHVWEHQMHHVVHQWLHHOJHZHHVW
YRRUGLWERHN -LM HYHQDOV,QWLKHEWPLMJH±QVSLUHHUGRPWHSURPRYHUHQRPPH
WH YHUGLHSHQ LQ ((* HQ SV\FKRSDWKLH ,QWL EHGDQNW YRRU GH KDQJPDQVHVVLRQV
GLHPLMQYRFDEXODLUHQRUPYHUJURRWKHEEHQ(OOHQPHWMRXKHELNGHZHUHOGYDQ
FRQJUHVVHQRQWGHNWIDWVRHQOLMNHPDQLHUHQYDQGDWDYLVXDOLVDWLHHQGRRUMRXKHELN
DIVFKHLGYDQSRVWLWVHQPXXUEHKDQJJHQRPHQ
7KDQNVWRDOOWKHRWKHUV LQWKHDFDGHPLFZRUOGZKRKDYHPDGHWKLVSRVVLEOH
3DVFDO-RV*HUDUGDQG+XEHUW,ZRXOGKDYHEHHQORVWZLWKRXW\RXJX\VDQG,JXHVV
3RPSHOXQFKHVFDQQRWSD\IRUWKDW.DULQ\RXULQWURGXFWLRQWRWKHWRSLFRI$$KDV
LQVSLUHGDFRPSOHWHVHWRIVWXGLHVSDUWRIZKLFKDUHLQWKLVERRN
&RROVJDQJ\RXDOOPDGHP\GRQGHUVWLPH0LHNH1LHOVWKDQNVIRUWKHIUHVKDLU
PRPHQWV'LUNDQG,QJHIRUDIXQWLPHDWDQGDURXQGWKHVFDQQHU3DXOVFDQQLQJ
ZRXOG KDYH EHHQ OHVV IXQ ZLWKRXW \RX 6HDQ WKDQNV IRU FDOOLQJ PH 7LQNDEHO
*XLOORPH\RXPDGH)UHQFK)ULGD\GLQQHUQLJKWV9HUHQD\RXUFKHHUIXOIDFHDOZD\V
SRNHGDURXQGWKHFRUQHUDWWKHULJKWPRPHQW
0RYLQJIURPWKHȆKDUGȇUHVHDUFKZRUOGWRWKRVH,VSHQGP\FOLQLFDOWLPHZLWK
'2	2OHUV EHQ LN EOLM GDW MXOOLH HU ZDUHQ <YRQQH EHGDQNW YRRU GH PLQXWHQ
SDXVHV5XWK	6YHQȂIDQWDVWLVFKLG«HYDQKHWVFKQLW]HOHQ*RQQLHMHEHQWHQEOLMIW
RQVȆ0DPDȇ0HLNH6DQGUD0DQRXN<YRQQH6X]DQQHLNKRRSRSQRJYHHOȴFXV
RYHUOHHIZHGVWULMGHQ)LMQGDWMXOOLHHUDOWLMGZDUHQ
'DQNH DXFK DQPHLQH (OWHUQ GLHPLUPHLQHQ:HUGHJDQJ HUP¸JOLFKW KDEHQ
GLHLPPHUKLQWHUPLUVWDQGHQXQGPLFKLQDOPHLQHQ(QWVFKHLGXQJHQXQWHUVW¾W]W
KDEHQ GLH PLU LPPHU HLQHQ 2UW GHU ODQJHQ $EHQGHVVHQ XQG *HVSU¦FKH GHU
7UDNWRUIDKUWHQGHU)HXHUDP+DIHQGHU%HUOLQHU:HLVVHQDQGHQ:HVHUWHUDVVHQ
DOV$EZHFKVOXQJ UHVHUYLHUWKDEHQ2OH HK%UUXGHUU'LH$XV]HLWHQPLWGLU GHP
%XOOL%RRWXQGGHQ07%VȂRELQ'HXWVFKODQGRGHUVRQVWZRLQGHU:DOGDFKDLȂ
KDEHQPLUGDV$EVFKDOWHQHUP¸JOLFKW2EHLQIDFKQXUGXPUXP6DEEHOQRGHU%LHU
PLWH[LVWHQWLHOOHQ/HEHQVIUDJHQHVZDULPPHUJHQDXGDVULFKWLJH
/DXUHQV]RQGHUMRXUXVWHQRQEHSHUNWHYHUWURXZHQLQGDWKHWJRHGNRPWZDV
KHWQLHWJHOXNW+HWZDVȴMQRPMRXDDQPLMQNDQWWHKHEEHQMHVWRQGDOWLMG
DFKWHUPLMHQGDDUYRRU]DOLNMHHHXZLJGDQNEDDU]LMQ
)RUWKRVHRI\RXZKRKDYHVHHQPHVDLO\RXNQRZWKDWWKLVZDVDQHVVHQWLDO
VRXUFHRIHQHUJ\DQGIXQLQWKHODVW\HDUV.RHQLN]DOMHHHXZLJGDQNEDDU]LMQ
GDW MHPLMELMPLMQKDQGMHKHEW JHQRPHQ -RDFKLP9RONHU 3KLOLS5RHODQG%DUW
9HUD 5LFKDUG HQ DO MXOOLH XLW0XLGHU]DQG HQ H[WHQGHGZDWHUV MXOOLHZDUHQPLMQ
ZHHNHOLMNVHYDNDQWLH
,QJDXQG1DGLQHLKU5HSUHVHQWDQWHQGHUJXWHQDOWHQ=HLWHQ%LQLFKIURKGDVV
ZLUQDFKDOOPHLQHQ8P]¾JHQQRFKLPPHU.RQWDNWKDEHQ%HLHXVFKLVVHWLPPHU
ZLH]X+DXVH
&ROOHDJXHVIURPWKHWKȵRRU/RHV1RHPL/LVDWKDQNVIRUDOOWKHOLWWOHEUHDNV
WKHPDVVDJHVZKHQQHFHVVDU\DQGIRUMXVWEHLQJ\RX
0LFKDHOMLMEHQWHQEOLMIWPLMQVRXOPDWHGLHPHRSGXL]HQGHNLORPHWHUVKRUHQ
NDQ -DQND -XOLD .ULVWLQ WKDQNV IRU OLVWHQLQJ WRPH IHHOLQJ WKH VDPHDQG JRLQJ
WKURXJK WKH VDPH -DQND WKDQNV IRU DOO WKH ZHHNHQGV DQG ZHHNV \RX ZHUHP\
URRPPDWH-XOLD\RXNQRZWKDW\RXZLOODOZD\VEHP\QXPEHURQH&ODLUH.DULQ
$OH[3HSSLDQGDOOWKRVHZKRKDYHDFFRPSDQLHGPHLQWKHVHODVW\HDUVWKDQNVIRU
DOOWKHJRRGWLPHV
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7KURXJKRXWP\WLPHDVD3K'VWXGHQW WKHUHZDVDVHDPOHVVO\HQGOHVV OLVWRI
SHRSOHWKDWLQVSLUHGRUHQULFKHGWKLVERRNDQGP\OLIHGLUHFWO\RULQGLUHFWO\7KLVOLVW
ZRXOGEHIDUWRRORQJWRSULQWKHUH1DPLQJDOORI\RXZRXOGGHFUHDVHP\JUDWLWXGH
WRDQ\RQHRQWKHOLVWOHWDORQHWKHSHRSOHWKDW,ZRXOGIRUJHWWRPHQWLRQGXULQJ
DQDWWHPSWWRPDNHDFRPSOHWHOLVW)RUWKRVHDQRQ\PRXVRWKHUSOHDVHȴOOLQ\RXU
name below and choose applicable options 1:
ȴOOLQ\RXUQDPHRUKDYHPHȴOOLWLQ
7KDQN\RXIRUFLUFOHDSSOLFDEOHVWXIIPXOWLSOHFKRLFHVSRVVLEOH
R VKDULQJDQRɝFH
R ȴOOLQJLQP\EUHDNV
o horseback riding
o sailing
o other sports
R MRLQLQJHYHQLQJVȴOOHGZLWKIRRGDQGGULQNV
o weekend road trips
o creativity nights
o renovating my house
R RSHQRSWLRQ
 7KDQN\RX5HQ«IRUWKLVLGHD
3XEOLFDWLRQV
3DJH_3DJH_ 3XEOLFDWLRQV3XEOLFDWLRQV
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(OLQJ / .UDEEHQGDP Ȇ1HXURSV\FKLDWULH (HQ FRJQLWLHI QHXURSV\FKRORJLVFKH
EHQDGHULQJȇQGHGLWLRQ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%ULNHQ30¾OOHU-/5¸VOHU05HWWHQEHUJHU0.OHLQ
9 <RRQ' Ȉ()333 -DKUEXFK (PSLULVFKH )RUVFKXQJ LQ GHU IRUHQVLVFKHQ
3V\FKLDWULH3V\FKRORJLHXQG3V\FKRWKHUDSLHȇ
Funding
,QQRYDWLHEXGJHW 0LQLVWHULH YDQ -XVWLWLH  € IRU WKH SURMHFW 
ȊIRU0,1'6ȂDQDXWRPDWHGQHXURFRJQLWLYHWHVWEDWWHU\ȋ
.RQLQJVKHLGHIXQG€IRUWKHSURMHFWȊIRU0,1'6ȋ
Awards
.RQLQJVKHLGH SULMV  IRU RXWVWDQGLQJ DQG LQQRYDWLYH FRQWULEXWLRQ WR 'XWFK
IRUHQVLFSV\FKLDWU\
$ZDUG RI WKH 'HXWVFKH *HVHOOVFKDIW I¾U 3V\FKLDWULH XQG 3V\FKRWKHUDSLH
3V\FKRVRPDWLFXQG1HUYHQKHLONRQGH'*331IRUHPSLULFDOUHVHDUFKLQIRUHQVLF
SV\FKLDWU\SV\FKRORJ\DQGSV\FKRWKHUDS\
&XUULFXOXP9LWDH
3DJH_3DJH_ &XUULFXOXP9LWDH
.DWLQNDYRQ%RUULHVZDVERUQRQWKHWKRI2FWREHULQ+DPEXUJ*HUPDQ\
6KHDWWHQGHG VHFRQGDU\HGXFDWLRQ $ELWXU DW WKH0D[LPLOLDQ.ROEH*\PQDVLXP
LQ:HJEHUJ*HUPDQ\6KHZRUNHGDQGWUDYHOOHGLQWKH8QLWHG6WDWHV
DQG )UDQFH  EHIRUH VWDUWLQJ KHU SV\FKRORJ\ VWXGLHV DW WKH 5DGERXG
8QLYHUVLW\1LMPHJHQPDMRULQJ LQ1HXURSV\FKRORJ\  ,QVKHREWDLQHG
D0DVWHUV'HJUHHLQ&OLQLFDO3V\FKRORJ\DWWKH8QLYHUVLW\RI*HQW%HOJLXPZKHUH
VKHZRUNHGDW WKH0HGLFDO3V\FKRORJ\8QLWRI WKH8QLYHUVLW\+RVSLWDO1H[WVKH
successfully followed the masterprogam in Cognitive Neuroscience at the Radboud 
8QLYHUVLW\1LMPHJHQ'RQGHUV,QVWLWXWH
)URP WRVKHZRUNHGRQKHU3K'SURMHFW LQFROODERUDWLRQZLWK WKH
5DGERXG0HGLFDO&HQWHU'RQGHUV ,QVWLWXWHDQG WKH3RPSHVWLFKWLQJ6LQGV
VKH DOVR FRRUGLQDWHV WKH SURMHFW ȊIRU0,1'6ȋ DW WKH 3RPSHVWLFKWLQJ GXULQJ
which a neurocognitive testbatterij relevant for forensic psychiatric populations 
LV GHYHORSHG 7KLV SURMHFW DLPV WR WUDQVODWH QHXURFRJQLWLYH UHVHDUFK LQ IRUHQVLF
SV\FKLDWULFSRSXODWLRQV LQWR FOLQLFDOO\ DSSOLFDEOHQHXURFRJQLWLYHGLDJQRVWLF WRROV
.DWLQND LVFXUUHQWO\ZRUNLQJDWWKH3RPSHVWLFKWLQJDVWKHVHQLRUVFLHQWLVWRQWKH
QHXURELRORJLFDOUHVHDUFKWUDFN6KHKDVDWHDFKLQJSRVLWLRQDWWKH&OLQLFDO3V\FKRORJ\
department of Radboud University and works as a psychotherapist in training  on 
D IRUHQVLF DGGLFWLRQ XQLW DW WKH /DQGHVYHUEDQG 5KHLQODQG /95 %HGEXUJ+DX
while following the postdoctoral education to become a psychotherapist at the 
5KHLQLVFKHQ $FDGHPLH I¾U 3V\FKRWKHUDSLH 5+$3 .UHIHOG ,Q WKH /95 VKH DOVR
coordinates a research project aimed at reducing aggressive incidents on closed 
ZDUGV GXULQJ ZKLFK VHYHUDO PHWKRGV RI GHDOLQJ DQG LQWHUDFWLQJ ZLWK GLɝFXOW
SDWLHQWVDUHLPSOHPHQWHG)LQDOO\VKHLVLQYROYHGLQUHVHDUFKLQYHVWLJDWLQJ+,9ULVN
EHKDYLRULQERWK'XWFKDQG,QGRQHVLDQSRSXODWLRQV:LWKDQH[WHQVLYHWUDLQLQJLQ
ERWKUHVHDUFKDVZHOODVFOLQLFDOSUDFWLFHVKHDLPVWREXLOGEULGJHVEHWZHHQWKH
VFLHQWLȴFDQGFOLQLFDOZRUOGV
In 2011 Katinka was awarded the Koningsheideprijs for outstanding and 
LQQRYDWLYH FRQWULEXWLRQ WR 'XWFK IRUHQVLF SV\FKLDWU\ LQ  WKH $ZDUG RI WKH
'HXWVFKH *HVHOOVFKDIW I¾U 3V\FKLDWULH XQG 3V\FKRWKHUDSLH 3V\FKRVRPDWLF XQG
1HUYHQKHLONRQGH'*331IRUHPSLULFDOUHVHDUFKLQIRUHQVLFSV\FKLDWU\SV\FKRORJ\
DQGSV\FKRWKHUDS\
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 9DQ $DOGHUHQ6PHHWV 6, 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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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ZLWKDOFRKRORUFDQQDELVLQKXPDQV5DGERXG8QLYHUVLW\1LMPHJHQ1LMPHJHQ
WKH1HWKHUODQGV
 3LMQDFNHU - 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DFWLRQ5DGERXG8QLYHUVLW\1LMPHJHQ
1LMPHJHQWKH1HWKHUODQGV
 +RUOLQJV &*&  $ ZHDN EDODQFH %DODQFH DQG IDOOV LQ SDWLHQWV ZLWK
QHXURPXVFXODU GLVRUGHUV 5DGERXG 8QLYHUVLW\ 1LMPHJHQ 1LMPHJHQ WKH
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 'DGR Ȃ 9DQ %HHN +($  7KH UHJXODWLRQ RI FHUHEUDO SHUIXVLRQ LQ
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